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Abstract 
This study investigated the classroom environment in a single low 
socioeconomic status, underperforming mathematics classroom. This was an 
emergent study with two objectives. The first was to investigate the classroom 
environment and identify possible influences upon it. From the findings of the first 
objective a second, more specific, objective emerged: to investigate the influence of 
the teacher’s knowledge on the classroom environment.  
This study was situated within a larger curriculum project, which has the aim to 
enhance the participating students’ learning outcomes and so to increase their life 
chances. Though the larger curriculum project adopted a design experiment 
approach, this Masters study was completed using a diachronic case study approach. 
To do so, data gathered during lesson observations and coaching sessions were 
analysed to describe and exemplify the classroom environment, based on the 
dimensions and scales of the Classroom Environment Scale (Trickett & Moos, 2002). 
Further analysis considered specific types of teacher knowledge and their influence 
upon the Classroom Environment, guided by Ball, Thames and Phelps’ (2008) 
Mathematical Knowledge for Teaching model. 
Three conjectures regarding the importance of teacher knowledge have been 
made, which highlight that the teacher’s knowledge of content formed a base for 
building the teacher’s knowledge of planning and pedagogical knowledge. The 
relationship between teacher knowledge, practice and the Classroom Environment is 
summarised proposed in the Classroom Environment Interaction model. The study 
has identified two implications for the curriculum project: (a) professional learning 
should aid in the development of content knowledge before the development of 
pedagogical knowledge; and (b) once knowledge of content and pedagogy has 
developed, assistance in teacher practice is required. Implications for future research, 
including testing the proposed Classroom Environment Interactions model in other 
settings, are also suggested.  
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Chapter 1: Introduction 
This study investigated the classroom environment in an underperforming 
mathematics classroom with a low socioeconomic status (SES). By using a 
diachronic single case study approach, this research has developed an understanding 
of the influences upon the classroom environment of one specific classroom over 
time. This study had an emergent nature as during the first phase of the data 
gathering and analysis it became increasingly evident that the teacher’s knowledge 
had a significant influence on the classroom environment, and so this was explored 
in further detail in the second phase of data gathering and analysis. This deeper 
exploration has generated the findings and implications of this study, including the 
finding that professional learning aids in the development of teacher knowledge of 
content, and subsequently pedagogy, thus improving the classroom environment. 
This introductory chapter is divided into four sections. Section 1.1 describes 
the background and context in which this study was conducted, including the larger 
curriculum project in which this study was situated. The specific purposes and 
objectives of the study are discussed in section 1.2 and then the significance of this 
study is discussed in section 1.3. Finally, section 1.4 introduces the remaining 
chapters of this thesis. 
1.1 BACKGROUND AND CONTEXT 
The study took place in a single underperforming, junior secondary (Year 8) 
mathematics classroom at a low SES, Australian metropolitan school. The study was 
conducted within a larger research project. This larger project adopted a design 
experiment methodology and aimed to accelerate the mathematics learning of 
underperforming junior secondary mathematics students in low SES schools and to 
prepare them to access Year 10 mathematics subjects and so further improve their 
life chances (Cooper, Nutchey, & Grant, 2013). Henceforth, this larger research 
project will be referred to as the curriculum project. 
The author of this study had two roles: as a Masters student and as a research 
assistant within the curriculum project. When acting as a research assistant the author 
was required to develop aspects of the curriculum project’s materials, provide 
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support to the participating teachers’ implementation of the accelerated learning 
program, and gather and analyse data. Support was provided for the teacher through 
school visits. During these visits the author acted as a teacher-aide in the classroom 
as well as engaging in professional conversations regarding the implementation of 
the project’s curriculum. As a Masters student the author analysed the same data to 
develop a detailed account of the curriculum project’s implementation in terms of the 
classroom environment.  
Prior to commencing this study, through working as a research assistant within 
the curriculum project, the researcher was known to the teacher and students of the 
class used in the researcher’s study and a positive relationship in terms of teacher 
coaching had developed. This was why this particular school and class were chosen 
as the subject of the study. These prior relationships with the teacher and students 
enabled the researcher to smoothly change the focus from being a research assistant 
within the curriculum project to the researcher within this study. 
As this study took place within the ongoing curriculum project, the smaller 
study needed to take on the context and theories behind the curriculum project. The 
philosophy behind the curriculum project is to increase the mathematical 
understanding of underperforming students in a creative, structured and culturally 
appropriate manner (Cooper et al., 2013). In the curriculum project, and therefore in 
this study, the term underperforming refers to students with a low level of 
mathematics knowledge that does not meet age-level expectations. Each school used 
their own means to select the students who were considered underperforming. To 
achieve its aim of accelerating mathematical learning, the curriculum project 
proposes an alternative curriculum that is based on the building of mathematical big 
ideas; that is, the sequential steps of the curriculum that the project is based on. The 
term acceleration in the curriculum project is used to describe the increased rate at 
which mathematical knowledge is learnt; that is, taking the mathematical knowledge 
from ability level to age-appropriate level and condensing up to 8 years of learning 
into two years, thus accelerating the timeframe of learning (Cooper et al., 2013). To 
achieve its aims, the curriculum project has been based upon three pillars: pedagogy, 
curriculum and professional learning (Cooper et al., 2013). Each of these pillars is 
briefly discussed in the following paragraphs and then in further detail in section 
2.1.3.  
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The first pillar is the particular pedagogy that the project has adopted. The 
curriculum project uses a pedagogical framework characterised by four phases of 
classroom activity: Reality, Abstraction, Mathematics and Reflection, commonly 
referred to as the RAMR cycle (Cooper et al., 2013). The resources provided to the 
teachers within the curriculum project use the RAMR cycle as a base framework. 
This framework is discussed in further detail in section 2.4.4. 
The second pillar is the project’s curriculum, which stems from an intense 
focus upon the structure of mathematics. This results in a non-traditional curriculum 
that is characterised as vertical. In the vertical curriculum modules of study start with 
foundational ideas (i.e., junior primary) and push towards the abstract and powerful 
ideas that are usually expected of junior secondary students (Cooper et al., 2013).  
The curriculum project’s third pillar is professional learning. The project aims 
to provide whole group and individual support to the participating teachers to aid in 
the effective implementation of the program. As a research assistant for the project, 
the author of this study took on the role of a professional learning coach when she 
visited classrooms participating in the curriculum project, including the one reported 
upon in this thesis. 
The curriculum project seeks to design, evaluate and refine a curriculum that 
effectively accelerates the learning of underperforming students in low SES schools. 
By considering the implementation of the curriculum project at the classroom level, 
this Masters study has complemented the curriculum project through the close 
investigation of a single mathematics classroom. From this, suggestions emerged 
regarding how the curriculum project’s aims of accelerating learning might be 
enhanced with respect to the project’s three pillars. 
1.2 PURPOSES 
In order to investigate the mathematics classroom, this study adopted a 
diachronic case-study methodology to continually document change over time in a 
specific classroom. There are several lenses through which to investigate the 
classroom. These include motivation and engagement, self-regulation, academic 
achievement and the classroom environment. Of these, classroom environment was 
selected as the basis for this study. 
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Classroom environment is described as the feelings and tones of the classroom; 
it is an explanation of the goings-on in the classroom (Barry & King, 1998; Schmuck 
& Schmuck, 1975). Within this study the construct of the classroom environment is 
based on the work of Trickett and Moos (2002) who developed and refined a tool 
called the Classroom Environment Scale (CES). This tool contains nine scales each 
of which falls into three dimensions. The dimensions and scales of the CES were 
proposed as features of a framework with which to develop a comprehensive 
description of the classroom environment. With this framework in mind, the first 
objective of this study was as follows: 
Objective 1: Exemplify the classroom environment within a low SES, 
underperforming mathematics classroom. 
In fulfilling this objective a rich description of the classroom environment was 
formed based on data gathered during lesson observations and coaching sessions. 
This research activity is referred to as Phase 1 of the data gathering and analysis. The 
Phase 1 data gathering and analysis led to tentative conjectures explaining themes 
relating classroom environment to the apparent influence of teacher knowledge.  
The influence of teacher knowledge on the classroom environment became the 
focus of the second phase of this study. This led to the following objective: 
Objective 2: Explore the influence of teacher knowledge on the classroom 
environment. 
There are many theorists such as Shulman (1987), Mishra and Koehler (2008) 
and Ball, Thames and Phelps (2008) who have described and discussed teacher 
knowledge. This study used the construct of Mathematical Knowledge for Teaching 
(MKT), put forward by Ball et al. (2008), to explore the influence of teacher 
knowledge on the classroom environment. Ball et al.’s (2008) MKT, which was 
based on the works of Shulman (1987), identifies six knowledge types specific to 
mathematics teaching. The MKT model was used to explore the relationship between 
the classroom environment and teacher knowledge. In fulfilling Objective 2, Phase 2 
of the data gathering and analysis enriched the description of the classroom 
environment to include the influence of the teacher’s mathematical knowledge for 
teaching. This led to the refinement of the tentative conjectures proposed at the end 
of Phase 1. 
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After the development and refinement of the three conjectures, implications 
regarding the influence of teacher knowledge on the classroom environment were 
identified. It was conjectured that the teacher’s level of content knowledge, and from 
this pedagogical knowledge, informed her practice which in turn impacted upon the 
classroom environment. This led to the proposition of a model of classroom 
environment interactions (referred to as the CEI model). Based on the observations 
of the single classroom, the CEI model relates elements of teacher knowledge, 
teacher practice and the classroom environment. The CEI model was then reflected 
onto the third pillar of the curriculum project: professional learning. Through this 
reflection, the professional learning provided within the curriculum project was 
critiqued in order to improve the focus on teacher knowledge and the development of 
a positive classroom environment to support the accelerated learning of mathematics. 
This study suggests that a teacher’s content knowledge is essential and that 
professional learning provided as a part of the curriculum project should focus on 
developing this knowledge.  
1.3 SIGNIFICANCE 
The significance of this study is threefold: (a) implications for the curriculum 
project in regard to the professional leaning support provided to the teachers, (b) the 
study highlighted a link between teacher knowledge and the classroom environment, 
and (c) the use of the classroom environment constructs was novel. These three 
aspects of significance are briefly summarised in the following paragraphs.  
The curriculum project aims to develop students’ mathematical ability, and 
therefore improve their chances of success after school. The curriculum project’s 
aims are specific in nature, and the findings of this Masters study have the potential 
to influence the development of students’ mathematical ability. This Masters study 
did not focus on the achievement of students, but on the influence of a teacher’s 
knowledge on the classroom environment. By doing so, it developed the teacher’s 
knowledge and enabled the teacher to help her students to develop their 
mathematical abilities. From this, implications regarding the support of teachers 
implementing a mathematical curriculum were drawn. These implications are 
significant for the teacher, the curriculum project and more generally the 
mathematics education community.  
 6 Mathematics knowledge for teaching and the classroom environment 
From a theoretical point of view, this Masters study highlighted the 
relationships between classroom environment and teacher knowledge. These 
relationships have been described in the proposed CEI model which itself is a 
significant outcome of this study. This study found that developing content 
knowledge is crucial in order to develop adequate knowledge of pedagogy. This 
knowledge is required in order to develop teacher practice that leads to a positive 
classroom environment. This finding had implications for the curriculum project, and 
for future research, and demonstrates significance of the study. 
The study used dimensions and scales defined by the CES as features for 
analysis in a qualitative manner. Fraser and Tobin (1991) reported that the analysis 
of quantitative and qualitative data resulted in similar conclusions regarding 
classroom environment. No literature was identified that only studied classroom 
environment based upon qualitative data, thus this study’s method is novel. In 
adopting a qualitative approach to the CES, this study’s conceptual framework and 
research design may lead to new approaches to investigate the effectiveness of 
learning. This is another significant outcome of this study. 
1.4 DOCUMENT OUTLINE 
Within this document there are six chapters. Chapter 1 has introduced the study 
and its objectives. Chapter 2 discusses the literature that has informed the study, 
outlining why the objectives were pertinent. Chapter 3 introduces the research 
context (i.e., the curriculum project), the chosen methodology, the methods, the 
timeline, strategies for ensuring reliability and validity, and consideration of ethics 
and limitations. In Chapter 4, Phase 1 of the data and analysis is presented: the 
classroom environment is exemplified and tentative conjectures regarding the 
influence of teacher knowledge are proposed. In Chapter 5, Phase 2 of the data and 
analysis is presented which provides a more in-depth analysis of the influence of 
teacher knowledge and refines the tentative conjectures proposed in Phase 1. Finally, 
Chapter 6 presents findings of the study, including the development of a model 
relating interactions in the classroom environment and drawing implications 
regarding the importance of professional learning within the curriculum project to 
address teacher content knowledge. 
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Chapter 2: Literature Review 
The curriculum project in which this research project was situated has the 
broad aim of improving participating students’ mathematical performance so that 
they can access age-appropriate mathematics and continue into post-compulsory 
study and employment, thus improving their life chances (Cooper et al., 2013). In 
this chapter the review of literature develops a conceptual framework through which 
this investigation was conducted. The literature review begins in section 2.1 with a 
brief discussion of pertinent theories regarding ontology and epistemology, which 
establishes the theoretical frame upon which this research (and, more broadly, the 
curriculum project) is based. Within that frame, the important role of the teacher is 
identified. Literature regarding the two objectives of this study are presented in two 
sections of the literature review. Firstly, as stated, the curriculum project’s 
overarching goal is to accelerate the learning of under-performing students. To 
investigate such learning, various lenses through which to characterise the classroom 
could be used. These lenses are introduced in section 2.2. Then, in section 2.3 the 
particular lens of classroom environment is elaborated upon and justified as an 
appropriate way to characterise the classroom. Second, to support the emergence of 
the second research objective, literature regarding the construct of teacher knowledge 
and its relevancy to mathematics education is explored in section 2.4. In section 2.5 
this study’s conceptual framework and emergent research objectives are summarised. 
2.1 ONTOLOGICAL AND EPISTEMOLOGICAL FRAMING 
Ontological beliefs are defined as the worldviews and assumptions that shape 
individuals’ (including teachers, students and researchers) finding of new knowledge 
(Guba, 2011). Ontology questions the nature of knowledge and the science of being 
(Johnson & Christensen, 2012). Put simply, in the context of this study ontology 
explores what it is to be a teacher or learner in a mathematics classroom. 
Epistemology is a related branch of philosophy that studies the origin, nature and 
methods of human knowledge and its development (Johnson & Christensen, 2012). 
Epistemological theories form the relationship between what is known and what is 
seen; between the researcher and what is researched (Guba, 2011). In layman’s 
terms, epistemology is what is agreed upon as knowledge and how it is gained.  
 8 Mathematics knowledge for teaching and the classroom environment 
Ontological and epistemological beliefs can vary between teachers and 
learners. In a broad sense they can be classified as either teacher-centric or student-
centric. In the following subsections these two belief structures are summarised and 
examples of associated teaching practices are presented. These ideas are then 
reflected back onto the curriculum project to establish the theoretical framing of this 
study. 
2.1.1 Teacher-centric beliefs 
Teacher-centric beliefs present the idea that mathematical knowledge has an 
objective nature, which can be transmitted to children to fill an empty void (Fuentes, 
2011). It is common for students to believe that the teacher’s role is to dictate 
whether an outcome is correct or incorrect; this is described as the notion of 
“teaching as telling” (Suurtamm & Vézina, 2010, p. 3). This form of teaching gives 
the students accurate information in a structured environment (Herie, 2005). 
However, Wright, Stanger, Stafford, and Martland (2006) have suggested that such 
objectivist and transmissive approaches could promote dependence on the teacher 
and a lack of independent thinking by the learner. Two more specific objectivist-
learning theories that align to a teacher-centric classroom include behaviourism and 
cognitivism. 
Behaviourist theory focuses on events that cause changes in behaviour in the 
classroom. Behaviourist theory is associated with a traditional way of teaching, and 
often takes the form of a question and answer approach, without taking learners’ 
prior knowledge into account (McInerney & McInerney, 2006; Woollard, 2010). 
Similarly, cognitivism also sits within the objectivist paradigm. Cognitivism differs 
from behaviourism by recognising the prior knowledge of the learner. Cognitivism 
focuses less on the behaviours of the students and more on their thinking and 
cognition. 
The seminal work of Skemp (1976) can be used to compare behaviourism and 
cognitivism. In that work, Skemp discussed relational and instrumental 
understanding within the classroom that can be applied to mathematics. Relational 
understanding is the development of the theoretical underpinnings of a particular 
concept (e.g., developing a formula through mathematical exploration), whilst 
instrumental understanding is the use of instructive procedures to solve a problem 
(e.g., use of a formula with no understanding of its creation). These two types of 
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understanding align to the cognitivist and behaviourist paradigms respectively. 
Whilst recognising the importance of instructive procedures and the development of 
instrumental understanding typical of behaviourist-based teaching, Skemp (1976) 
claimed that the use of teaching strategies to develop relational understanding is on 
the whole more effective since the resultant knowledge is highly adaptable to new 
tasks (Skemp, 1976). These latter strategies align to the cognitivist paradigm. 
There is a range of cognitivist-based teaching strategies that can be employed 
in the classroom. These include cognitive apprenticeship, reciprocal teaching, 
anchored instruction, inquiry, discovery learning and problem-based learning. In 
cognitive apprenticeship the teacher acts as an expert, coaching students to articulate, 
reflect and explore their thinking (Yilmaz, 2011). In reciprocal teaching discussion 
between the teacher and the students is used to summarise, question, clarify and 
predict, thus promoting camaraderie within the classroom (Joyce, Weil, & Calhoun, 
2009). The strategy of anchored instruction allows students to focus on a specific 
topic or context knowledge in which the content is built. Similarly, the strategy of 
discovery learning allows a student to inquire around a specific topic, with a focus on 
manipulating and processing information (Yilmaz, 2011). This allows students to 
discover the knowledge and not be told the knowledge by an expert. Inquiry learning 
involves students moving through problem-solving phases of: (a) identify a problem, 
(b) verify a reason for the problem, (c) gather data to isolate variables, (d) determine 
a possible explanation for the problem, and (e) test hypotheses for a possible answer 
(Joyce et al., 2009). Dewey (as cited in Bandura, 1989) stated that students learn best 
through purposeful and engaging experiences and believed that inquiry-based 
learning would achieve this. Finally, the strategy of problem-based learning involves 
student being presented with open-ended, reality-based problems that have numerous 
answers (Yilmaz, 2011). The open-ended nature of problem-based learning allows 
students to establish a need for learning. When compared to a behaviourist-based 
classroom, these cognitivist-based strategies suggest a shift towards a more student-
centred approach to teaching and learning, although the teacher remains, for the most 
part, the expert at the centre of the learning (Yilmaz, 2011). 
2.1.2 Student-centric beliefs 
An alternative pedagogical view within mathematics is based on theories of 
constructivism (Frid, 2000). Whilst similar to cognitivism with a focus on relational 
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understanding, constructivism is student-centric and focuses on students developing 
their mental ability (Ertmer & Newby, 2013). Within constructivist-based teaching it 
is the role of the teacher to guide students and promote mathematical engagement in 
problem solving (Ertmer & Newby, 2013). Constructivism is often described as 
“listening, seeing, hearing, interpreting” (Suurtamm & Vézina, 2010, p. 3) as it 
requires the teacher to take a step back and “listen” to a student’s thinking including 
the explanation of a concept. This can be done through facilitating the sharing of 
solutions, listening carefully to students’ explanations and discerning the 
mathematical ideas within the solution. A constructivist perspective will explicitly 
acknowledge that each student may gain a different understanding from the same 
learning experience (Frid, 2000). Ball (1997) suggests that when teachers attend to 
their students’ needs and allow students to examine their own ideas, students gain a 
higher level of conceptual (i.e., relational) understanding. In the context of the 
aspirational lifelong learning goals of the curriculum project, student-centred 
exploration can have the associated benefit of developing student self-reliance 
(Suurtamm & Vézina, 2010). 
There are two branches of constructivism: individual constructivism (drawn 
from the ideas of Piaget) and social constructivism (informed by the works of 
Vygotsky). Piagetian individual constructivism is based on the belief that children 
are able to construct their own understanding of the world around them (Bidell & 
Fischer, 1992). Chapman (as cited in Bidell & Fischer, 1992) described Piagetian 
constructivism as being based on three interconnected concepts: (a) the relationship 
between action and thought; (b) the construction of cognitive structure; and (c) the 
role of self-regulation (i.e., the development of self-thought). In essence, an 
individual’s actions and interactions within the world develop knowledge (Bidell & 
Fischer, 1992; Snowman et al., 2009). In this way, personal schema are developed 
and extended, under the influence of the environment, to adapt and develop new 
procedures and ideas (Snowman et al., 2009). Individual constructivism does not 
include the social (i.e., cultural and interpersonal) aspects of a student’s learning 
(Bidell & Fischer, 1992; McInerney & McInerney, 2006). 
Social constructivist theory, attributed to the early work of Vygotsky, is based 
on the notion that learning begins in the presence of others that are more 
knowledgeable, such as family, teachers or friends (McInerney & McInerney, 2006; 
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Snowman et al., 2009). In social constructivist learning, thinking can be developed 
by open-ended discussions with peers and teachers to develop schema. Wright et al. 
(2006) suggest that listening to students’ thinking and ideas offers respect and gives 
the students ownership of their understanding. Student understanding is further 
valued through appropriate teacher reactions, for example, asking probing questions 
and meriting the student’s efforts (Wright et al., 2006). Such practices support a 
learner in self-regulating their learning to become increasingly independent 
(McInerney & McInerney, 2006; Snowman et al., 2009). Such an achievement for a 
learner is central to the ambitions of the curriculum project and, more broadly, 
contemporary mathematics education. 
2.1.3 Theoretical frame 
The preceding subsections have described two sets of ontological and 
epistemological beliefs that can inform mathematics education. The curriculum 
project, in which this Masters study is situated, appropriates aspects of both 
cognitivist and constructivist paradigms, that is, both teacher-centric and student-
centric beliefs. This positioning of theory and practice is summarised in the 
following paragraphs as a basis for directing the development of the research 
project’s conceptual framework; a more detailed description of the curriculum 
project is provided in section 2.2, including details of the curriculum project’s 
pedagogy (and underpinning epistemological base). 
The curriculum project has three conceptual pillars (Cooper et al., 2013): 
(a) the structured sequencing of mathematical content to promote accelerated 
learning; (b) the recognition and use of learners’ social and cultural capital as a basis 
for contextualising learning; and (c) the provision of appropriate professional 
learning for teachers to support their critical implementation of the curriculum. 
The curriculum project’s cognitivist roots are evident in the importance placed 
on the structure of mathematical knowledge and the determination of an instructional 
sequence. These effectively and efficiently explore the structure of mathematics and 
prompt the desired acceleration of learning. This is typified by so-called “Gestalt” 
leaps in understanding, that is, looking at mathematics learning in its entirety and 
developing an appropriate sequence to follow. Such sequencing incorporates several 
principles suggested by Warren and Cooper (2009), including both the structure of 
the mathematical concepts and the structure of, and relationships with, the 
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representations used to express those concepts. For example, additive operations can 
be represented using a variety of models such as a number line or an array, as well as 
symbols and words.  
Thus, the curriculum project aims to expose the structure of mathematics and 
develop within the participating students the relational understanding and the ability 
to flexibly transfer mathematical knowledge to new situations. That is, the 
curriculum project aims to develop students’ self-reliance and self-regulated ability 
to use mathematics to do useful work. 
The curriculum project grounds the curriculum and its pedagogy in the reality 
and culture of the students, as demonstrated in the projects second conceptual pillar. 
That reality is acknowledged to be different for all students and, as a consequence, 
the experience of a class of students may lead to many different new mathematical 
understandings. Central to the curriculum project’s pedagogy is the use of a cycle of 
teaching and learning referred to as the RAMR cycle (Cooper et al., 2013), where the 
acronym stands for Reality–Abstraction–Mathematics–Reflection. This cycle is 
based on the work of Matthews (2009) in which mathematics is recognised as a 
creative, culturally biased and language-rich endeavour. This positioning of 
mathematics manifests as a curriculum that attempts to draw upon the students’ lived 
experience and culture as a basis for developing personally meaningful mathematical 
activity through which to explore mathematical structure and develop understanding. 
This cycle is discussed in more detail in section 2.4.4.  
The third pillar, which encompasses professional learning, recognises the 
pivotal role that the teacher has in shaping a student’s learning of mathematics. 
When developing professional learning practice, Cooper et al. (2013) based their 
model of effective professional learning on the works of Guskey (2002). Guskey 
(2002) highlights that there are many modes of professional learning and argues that 
all methods have three goals: (a) to change classroom practices, (b) to change 
attitudes and beliefs of teachers, and (c) to change learning outcomes of students. 
That is to say, only after the benefits of a new pedagogy and/or curriculum are 
evident will a teacher change their teaching philosophy. These views are also 
reflected by Baturo, Warren, and Cooper (2004), who identified the importance of: 
(a) expert input to guide a teacher’s professional growth, (b) consideration of the 
teacher’s needs, (c) provision of time to plan, and (d) continued teacher support. The 
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curriculum project used these two models of teacher development presented by 
Baturo et al. (2004) and Guskey (2002) to inform the design of the project’s 
professional learning support.  
In section 2.1.2, learning based on social-constructivist theory was described as 
occurring in the presence of others that are more knowledgeable, including teachers 
(McInerney & McInerney, 2006; Snowman et al., 2009). Piagetian theory described 
three facets of learning: action and thought; cognitive structure; and self-regulation 
(Bidell & Fischer, 1992; Snowman et al., 2009). In a classroom environment, the 
teacher has the potential to influence all three facets: they shape the environment of 
activity upon which the construction of knowledge is based; they contribute their 
own experience-based knowledge thus shaping the cognitive structure of the 
learners; and they model and scaffold mathematical activity leading to students’ self-
regulated (and self-reliant) mathematical activity. 
2.1.4 Summary 
The preceding paragraphs have outlined various ontological and 
epistemological theories regarding the learning of mathematics. The argument has 
positioned the curriculum project as one aligned to aspects of both cognitivist and 
constructivist paradigms. Importantly, the argument has identified the influential role 
that a teacher’s knowledge of mathematics teaching and learning has upon their 
students’ development of understanding. The curriculum project has the aim of 
accelerating learning. Within the following section of this literature review several 
lenses for characterising a classroom are presented.  
2.2 LENSES FOR CHARACTERISING THE CLASSROOM 
In section 2.1 the ontology and epistemology of the curriculum project, and 
therefore this Masters study, was discussed. The curriculum project’s overarching 
goal is to develop theory and practice regarding the accelerated learning of 
underperforming mathematics students with the purpose of increasing such students’ 
life chances (Cooper et al., 2013). Implicit in that goal are several sub-goals (a) to 
develop lifelong learners who are able to independently extend their knowledge, 
including their knowledge of mathematics (i.e., to become self-regulated learners of 
mathematics); (b) to increase student motivation and engagement within 
mathematics; (c) to increase learners’ academic ability with regard to their 
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knowledge of mathematics; and (d) to promote a classroom environment that is 
supportive of accelerated mathematics learning. In the following paragraphs various 
lenses through which the classroom could be investigated are presented, from which 
the lens of classroom environment is selected. This is described in further detail in 
section 2.3. 
2.2.1 Self-regulation 
Self-regulation is a person’s ability to participate in and manage their learning 
without external enforcement (Wood & Bandura, 1989). Social-cognitivist learning 
theory was developed to explain how people become self-regulated learners. The 
theory highlights three interdependent factors which influence the attainment of self-
regulated learning: personal characteristics; behaviour; and the environment (Wood 
& Bandura, 1989; Zimmerman, 1990). These three factors are interdependent and 
form what is referred to as the triadic reciprocal causation model (Wood & Bandura, 
1989), which is presented in Figure 2.1. 
 
Figure 2.1. The triadic reciprocal causation model for self-regulated learning (Wood & Bandura, 
1989).  
The three elements of the triadic causation model influence each other 
(Bandura, 1989; Wood & Bandura, 1989; Zimmerman, 1990). The following 
example from Snowman et al. (2009) highlights the interlinking relationship between 
the three factors: 
A teacher introduces a new … topic by describing theory and research that 
contributed to … knowledge in that area (behavioural). But when students 
show signs of confusion or boredom (environmental), thereby making the 
teacher uncomfortable and dissatisfied (personal), the teacher tries a 
different approach (behavioural). (p. 305) 
These factors do not occur in equal measure: some factors may be stronger than 
others at one point in time and form an ever-changing balance (Schunk & Zimmerman, 
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1997). In a mathematics classroom, such as those of the curriculum project, the teacher 
is the model upon which students’ development is based. This development is both 
cognitive and affective. The teachers’ knowledge of students, content, and pedagogy 
can impact the triadic reciprocal causation model (Snowman et al., 2009). Based on the 
teacher’s own knowledge – of content and pedagogy – students’ self-regulation will 
develop and ultimately achieve the curriculum project’s aims.  
2.2.2 Academic achievement 
Often, a measure of a curriculum’s success is the academic achievement of the 
learners, that is, assessing if students have a thorough understanding of content 
knowledge. Commonly this form of success within the classroom does not have a 
focus on the motivation of the students, nor the classroom environment (Killen, 
2007). There is a focus that success is due to ability while failure is a lack of ability 
(Fetherston, 2006). A focus on academic achievement has been adopted by the 
curriculum project through the use of pre- and post-testing, and the analysis of 
results. In doing so, the learners’ understanding of content knowledge, that is their 
level of mathematical ability, is assessed.  
2.2.3 Motivation and engagement 
Motivation within the classroom is, in essence, a student’s desire to participate 
in learning (Killen, 2007; Scales, Roehlkepartain, Neal, Kielsmeier, & Benson, 
2006). A student’s desire to gain academic achievement, acceptance from teachers 
and peers, influence within the classroom, and recognition for work completed all 
impact upon their motivation in a classroom setting (Fetherston, 2006). Literature 
(e.g., Bilican, Demirtaski, & Kilmen, 2011; Brinegar & Bishop, 2011; Noyes, 2009) 
suggests that pedagogy has a high impact on motivation and engagement, commonly 
with a link to reality. This was evident in studies which included: (a) providing 
students with choice leading to empowerment (Brooks & Young, 2011); 
(b) developing student understanding that achievement is possible in mathematics 
(Bilican et al., 2011); (c) encouraging students to learn in a variety of ways including 
using technology and the real world (Bilican et al., 2011); (d) reflecting mathematics 
learning into the real world (Noyes, 2009); and (e) increasing students’ pedagogical 
responsibilities (Brinegar & Bishop, 2011). 
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The curriculum project encourages teachers to involve the students in varied 
pedagogy, requiring them to physically engage in activities to work both 
collaboratively and individually (Cooper et al., 2013). In addition to this, Cooper et 
al. (2013) suggest that creating a link to reality is crucial when teaching mathematics, 
an idea that is reflected by current literature (e.g., Bilican et al., 2011; Brinegar & 
Bishop, 2011; Noyes, 2009). Based on this literature, using engaging pedagogies that 
link to the students’ reality (as suggested by the curriculum project) prompts 
motivation and engagement. 
2.2.4 Classroom environment 
The classroom environment is described by as the feelings or tone of a 
classroom. This is the environment in which teacher-student and student-student 
interactions take place (Schmuck & Schmuck, 1975). Various authors have 
highlighted that the physical surroundings and relationships within the classroom are 
important in fostering and developing teaching and learning (Brooks & Young, 2011; 
Mueller, Yenkelewitx, & Maher, 2011; and Schweinle, Meyer, & Turner, 2006). 
Gillen, Wright, and Spink (2011) commented that classroom environment is a large 
determinant of student behaviour and learning. 
To evaluate the classroom environment numerous quantitative tools have been 
used, including the Classroom Environment Scale (Trickett & Moos, 1973) and the 
Learning Environment Inventory (Anderson & Walberg, 1974). These tools have 
been used as a basis for the creation of quantitative instruments developed for 
specific contexts, which are briefly summarised in Table 2.1. Common to all these 
instruments are three dimensions of classroom environment that were identified by 
Moos (1974): relationship; personal development; and system maintenance and 
change. The relationship dimension is the nature of the relationships within the 
classroom, and the level of emotional support. The personal development dimension 
is the extent to which personal growth and self-enhancement occur. The system 
maintenance and change dimension is the order and organisation within the 
classroom, including clear expectations, teacher control and flexibility. 
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Table 2.1 
Classroom Environment Instruments 
Instrument Author Context 
Learning Environment Inventory Anderson and Walberg (1974) Secondary 
Classroom Environment Scale (CES) Trickett and Moos (1973) Secondary 
Individualised Classroom Environment 
Questionnaire 
Rentoul and Fraser (1979) Individualised secondary 
My Classroom Inventory Fraser, Anderson, and Walberg 
(1982) 
Primary 
College and University Classroom 
Environment Inventory 
Fraser and Treagust (1986) Tertiary 
Questionnaire on Teacher Interaction  Wubbels, Créton, and 
Hooymayers (1985) 
Primary/secondary  
Science Laboratory Environment 
Inventory 
Fraser, Giddings, and 
McRobbie (1995) 
Upper secondary/tertiary 
science 
Constructivist Learning Environment 
Survey 
Taylor and Fraser (1991) Secondary 
What Is Happening In this Classroom? Fraser (1998) Secondary 
As previously stated, the Classroom Environment Scale (CES) is a survey for 
students. Originally the CES consisted of 242 items represented in 13 categories 
(Trickett & Moos, 1973). Through trials within 67 classrooms and subsequent 
analysis, the scale was modified to a 90-item version within nine categories: 
involvement, affiliation, teacher support, task orientation, competition, order and 
organisation, rule clarity, teacher control, and innovation (Trickett & Moos, 2002). 
These nine categories aligned to the three dimensions proposed by Moos (1974). 
2.2.5 Discussion 
In the preceding subsections, four different lenses through which the classroom 
could be investigated were reviewed and summarised. In this study, the classroom 
environment was chosen as a lens through which to investigate the classroom in this 
study. In the following paragraphs the selection of the classroom environment is 
justified through its comparison to the lenses of self-regulation, academic 
achievement and motivation and engagement. The lens of classroom environment 
will be further explained in section 2.3.  
With regard to self-regulation, three factors are influential: behaviour, personal 
characteristics, and the environment. The classroom environment represents 
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environmental factors as it covers social aspects of the classroom through the 
development of relationships (i.e., drawing on the scales of involvement, affiliation 
and teacher support). The classroom environment also explores the behaviour factor 
through the system maintenance and change dimension, in which the development 
and use of clear rules, as well as overall preparedness, are identified. The third factor 
of personal characteristics is identified through the exploration of students’ prior 
knowledge through the dimension of personal development. Self-regulation also 
investigates students individually to explore each student’s behaviour, personal 
characteristics and environment. However, this does not encompass the classroom as 
a whole, which was the aim of this study.  
Academic achievement is encompassed within the classroom environment 
through the scale of student competition, exploring the extent of academic 
competition in the classroom. Academic achievement is the focus of the curriculum 
project, in which data are collected at the student level through tests. Using this data, 
analysis is being developed with regard to each student and, from the student data, 
each classroom. This is not an appropriate form of analysis for this study for three 
reasons: (a) it is already being completed in the curriculum project, (b) it requires 
data to be collected at the student level before looking at the whole class, and (c) 
academic achievement is considered in the classroom environment through the scale 
of academic competition. 
Finally, motivation and engagement, that is a student’s desire to participate, is 
also represented within the classroom environment through the dimension of 
relationship, and more specifically the scale of involvement. Involvement 
encompasses the manner in which students participate in the classroom, and their 
overall enjoyment. Motivation and engagement is not the same for each student; to 
thoroughly investigate why a student demonstrates this requires data collection for 
each individual student. As this study focused on the classroom as a whole, and 
motivation and engagement can be considered within the scales of the classroom 
environment construct, it has not been selected as a lens through which to investigate 
the classroom. 
As previously discussed, Trickett and Moos (2002) developed a survey to 
measure the classroom environment called the CES. Within this tool, three 
dimensions and nine scales are used to describe the classroom environment: 
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relationship (involvement, affiliation, and teacher support), personal development 
(task orientation and competition), and system maintenance and change (order and 
organisation, rule clarity, teacher control, and innovation). Based on this 
consideration of the classroom environment with regard to the other three lenses, it is 
claimed that the lens of classroom environment encompasses self-regulation, 
academic achievement, and motivation and engagement, and so provides an 
overarching framework through which to investigate a classroom. 
2.2.6 Summary 
Within this section, various lenses through which to investigate the classroom 
were explored. It was shown that the classroom environment encompasses aspects of 
self-regulation, academic achievement, and motivation and engagement, and 
therefore serves as an appropriate lens through which to investigate the goings-on of 
the classroom. Classroom environment is discussed in greater detail in the following 
section.  
2.3 CLASSROOM ENVIRONMENT 
Within the previous section the selection of the classroom environment was 
justified as an encompassing measure of the classroom. Within this section further 
detail on the classroom environment is provided including a description of the 
dimensions and scales, and a discussion of how the CES has been previously used. 
The three dimensions and nine scales, along with their descriptions and 
examples from the quantitative tool, are presented in Table 2.2.  
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Table 2.2 
The Classroom Environment Dimensions and Scales 
Moos’ 
dimension Scale name 
Scale description (Trickett 
& Moos, 2002) 
Positive (+) and negative (−) 
example from the CES (Trickett 
& Moos, 2002, pp. 52-54) 
Relationship Involvement The extent to which students 
pay attention in class through 
participation in discussion, 
additional work and class 
enjoyment. 
Students put a lot of energy in 
what they do here (+) 
Students daydream a lot in this 
class (−) 
Affiliation The extent to which the 
students work with, get along 
with, and enjoy working with 
one another. 
Students in this class get to know 
each other really well (+) 
There are groups of students who 
do not get along in this class (−) 
Teacher 
support 
The extent to which the 
teacher befriends, helps, 
trusts, and expresses a 
personal interest in the 
students. 
The teacher goes out of [their] 
way to help students (+) 
Sometimes the teacher 
embarrassed students for not 
knowing the right answer (−) 
Personal 
development 
Task 
orientation 
The extent to which planned 
activities are centred on 
accomplishing academic 
objectives, and the lesson 
stays on the subject matter.  
Almost all class time is spent on 
the lesson for the day (+) 
The teacher often takes time out 
of the lesson plan to talk about 
other things (−) 
Competition The extent of academic 
competition within the 
students in the class.  
Students try hard to get the best 
grade (+) 
Students usually pass even if they 
don’t do much (−). 
System 
maintenance 
and change 
Order and 
organisation 
The emphasis on the students 
behaving appropriately, and 
the overall organisation and 
order of classroom activities.  
Assignments are usually clear so 
everyone knows what to do (+) 
The teacher often has to tell 
students to calm down (−) 
Rule clarity The degree to which the 
classroom rules are clearly 
explained and understood, 
and knowing the 
consequences of rule 
breaking. 
There is a clear set of rules to 
follow (+) 
Rules in this class seem to change 
a lot (−) 
Teacher 
control 
The extent to which the 
teacher governs the rules 
within the classroom, how 
they are enforced, and 
consequences carried out. 
When the teacher makes a rule, he 
[or she] means it (+) 
Students don’t always have to 
stick to the rules in this class (−) 
Innovation The extent to which the 
teacher uses varying teacher 
pedagogies within the 
classroom, and involves the 
students in classroom 
planning. 
What students do in this class is 
very different on different days 
(+) 
Students do the same kind of 
homework almost every day (−) 
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Each of the three dimensions and their corresponding scales are described in 
further detail within the following subsections, before being discussed using relevant 
literature. 
2.3.1 Relationship dimension 
The relationship scales of involvement, affiliation, and teacher support are 
discussed in the following subsections.  
Involvement 
Involvement within the classroom is the level of interest that a student has in 
the lesson, how they participate, and their enjoyment (Fraser, 1998). This interest and 
enjoyment should be modelled by the classroom teacher in order to prompt students 
to work hard (Barry & King, 1998). Characteristics of students exhibiting 
involvement can include a drive to work effectively and achieve within the lesson 
(McInerney & McInerney, 2006). In order to gain student involvement within the 
classroom a teacher can model interest (Brady & Scully, 2005). If a teacher is not 
enthusiastic about their teaching, students will not become enthusiastic about their 
learning (Brady & Scully, 2005).  
Affiliation 
Affiliation is the way in which students work with one another in the 
classroom, and how they relate socially (Trickett & Moos, 2002). One way of 
developing affiliation within the classroom is through mutual respect between peers 
(Wiliam, 2012). Affiliation can be developed in the classroom through the use of 
peer discussion. This is a highly beneficial strategy as it can be used in whole-class 
or one-on-one discussions, and is student centred and therefore engaging (Killen, 
2007). Through peer collaboration, students are also more likely to not only enjoy 
themselves, but be more academically successful as knowledge is drawn from 
several students rather than one (Killen, 2007).  
Teacher support 
Teacher support is the relationship the teacher has with her students in an 
emotionally supportive way (Trickett & Moos, 2002). Teacher support is developed 
through engaging with students in a manner that is not driven by educational content 
(Fraser, 1998). It also encompasses creating a safe and secure learning environment 
influenced by real life, parents, the community and learning (Holtz-Frank, 2013). In 
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doing this, a teacher is able to provide support through trust, respect, and an interest 
in the students (Fraser, 1998; Snowman et al., 2009). A major aspect of teacher 
support is the development of mutual trust, and through this positive relationships 
between the teacher and the students can develop both at a whole-group level and 
one-on-one (Barry & King, 1998). Positive reinforcement is another example of how 
teacher support can be used in the classroom to create a safe and non-threatening 
environment (McInerney & McInerney, 2006).  
2.3.2 Personal development dimension 
The personal development scales of task orientation and competition are 
discussed in the following subsections. 
Task orientation 
Task orientation describes the manner in which activities follow a lesson plan 
(Trickett & Moos, 2002). This requires a teacher to have pedagogical knowledge of 
how a lesson is going to be taught (including planned activities and an overall 
classroom goal), as well as knowledge of content (including the content of the taught 
activities). By planning a lesson the expected outcomes of the teaching become clear 
to the students, maintaining classroom order (Killen, 2007). Through creating and 
following a plan, a teacher becomes confident in his or her teaching, and this is 
evident through clear activities and lesson outcomes (Killen, 2007).  
Competition 
Competition outlines the extent to which students compete against one another 
for good grades (Fraser, 1998). Competition also includes competing against oneself. 
This provides students with opportunities to develop their skills and gain knowledge, 
regardless of the size of that development (Wiliam, 2012). Using competition as a 
form of feedback, students can behave in four ways: change behaviour to either 
increase effort or remain at a desired level; modify a goal by increasing or reducing 
their aspiration to achieve; abandon a goal deciding it is too hard or too easy; or 
completely ignore the feedback given through competition (Wiliam, 2012). Feedback 
from competition needs to result in a positive behaviour, such as increasing effort or 
increasing an aspiration. Wiliam (2012) suggests that providing feedback requires a 
focus on growth of learning, as opposed to a focus on emotional wellbeing (e.g., 
encourage students who have fallen short of their goals to try and reach their goal, as 
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opposed to letting students feel bad about it and not try in the future). Much of this 
growth is dependent on knowledge of students. By understanding students and their 
attitudes, competition can be a beneficial strategy to develop student achievement.  
2.3.3 System maintenance and change dimension 
The system maintenance and change scales of order and organisation, rule 
clarity, teacher control, and innovation are discussed in the following subsections. 
Order and organisation 
Order and organisation is defined by the overall manner of the classroom, such 
as students behaving in a polite manner, and willingly completing activities (Trickett 
& Moos, 2002). Through a clear understanding of content along with confident 
teaching within the classroom, a deeper respect is gained within the classroom 
(Killen, 2007). To have an ordered and organised classroom, a teacher needs to have 
knowledge of the content being taught, as well as the pedagogical knowledge of 
classroom management. This sound knowledge will develop a teacher’s confidence 
in the classroom, and gain student respect (Killen, 2007). 
Rule clarity 
Rule clarity is the degree to which rules are evident and explained within the 
classroom (Trickett & Moos, 2002). There is an emphasis on creating clear and 
consistent rules with appropriate consequences (Trickett & Moos, 2002). In order to 
create rules, a teacher needs to have expectations for his or her students, and enforce 
these expectations in order for students to develop positive classroom behaviour 
(Barry & King, 1998). This can be done through identifying how students want to 
operate in the classroom, clarifying this with the class, highlighting expectations, and 
establishing rules with fair consequences (Brady & Scully, 2005). Brady and Scully 
(2005) also recommend that rules should be few in number, positive, appropriate, 
clearly displayed, and constantly monitored, and consequences for breaking rules 
should be logical and reflect the poor behaviour that was observed.  
Teacher control 
Teacher control highlights the extent to which a teacher enforces classroom 
rules (Trickett & Moos, 2002). Clear rules are required in order for teacher control to 
be evident within the classroom. Teacher control allows students to realise the 
consequences for actions, as well as witness fair teaching. Acknowledgement of rules 
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is dependent on the manner in which they are established in the classroom and on the 
rule clarity; that is, the use of clear, constantly monitored and consistent rules with 
appropriate consequences (Brady & Scully, 2005).  
Innovation 
Innovation within the classroom is using varying pedagogies tailored to 
students’ preferences (Trickett & Moos, 2002). To implement innovation within the 
classroom students need to have a value for learning (Barry & King, 1998). A 
teacher can use a variety of pedagogical strategies to allow students to think in new 
and unusual ways, and encourage one another to think creatively (Fraser, 1998). An 
example of innovation is found in the RAMR pedagogy demonstrated by the 
curriculum project. It allows students to think in numerous ways, ensuring that the 
content they are learning is relevant (Cooper et al., 2013). Using innovation to 
include student preferences provides the teacher with strategies that interest students 
to increase involvement in their learning (Brady & Scully, 2005). In this way a 
teacher needs to take students’ learning preferences into account in order to 
effectively implement each phase of the RAMR pedagogy.  
2.3.4 Discussion 
Within the preceding subsections, each of the three dimensions and nine scales 
of the classroom environment have been summarised and discussed. In this section, 
the CES, which is based on the classroom environment dimensions and scales, is 
discussed in terms of its use in previous studies.  
An example of the CES instrument’s use is the work of Zedan (2010) who 
combined the use of the CES and My Classroom Inventory within a mathematics 
classroom with the purpose of investigating the classroom environment in 
elementary mathematics classes in an Israeli school. This combined use of two tools 
to measure the classroom environment was appropriate to the learning context due to 
the age of the students, and reflected the classroom environment values and beliefs 
expected by the education curriculum (Zedan, 2010). By surveying 3786 students it 
was found through using the two questionnaires that five major factors applied to 
classroom environment: satisfaction and enjoyment; teacher-student relationships; 
gender inequality and tension; student-student relationships; and competitiveness. 
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Zedan (2010) found that there were high levels of satisfaction and enjoyment 
when students were abiding by rules. This provided clarity in the classroom and 
maintained positive student attitudes (Zedan, 2010). The teacher-student 
relationships that were observed by Zedan were supportive, positive and warm, yet 
the teacher was still viewed as a form of authority. The students typically did not act 
rudely, and abided by rules, and showed respect (Zedan, 2010). Rules appear to 
influence both satisfaction and enjoyment, and teacher-student relationships. Gender 
inequality and tension was the third major factor identified by Zedan. Zedan did not 
find that girls and boys were treated any differently in the classroom with regard to 
respect, acknowledgement or encouragement. The fourth major factor identified by 
Zedan was student-student relationships. Throughout the entire class there were 
positive relationships among peers; that is, there was a feeling of togetherness and 
unity (Zedan, 2010). Zedan found that the students in his study had grown up 
together and had been in the same class for years, which developed positive 
friendship relationships. Finally, the fifth factor was competitiveness. Zedan reported 
that there was a low level of competition among the students in his study. It was 
observed that students did not compete against one another for attention, recognition 
or achievement (Zedan, 2010).  
Zedan (2010) found that these five factors overlap with the three classroom 
environment dimensions (and scales within the dimensions) of relationship, personal 
development and system maintenance and change. Zedan stated that, through 
understanding the five major factors, insight was gained regarding the classroom 
environment in the context of a primary Israeli school and its link to achievement 
and behaviour within the mathematics classroom.  
Boren, Callahan, and Peugh (2011) have recently critiqued the CES to re-
examine its psychometric properties. In order to complete the critique, Boren et al. 
(2011) chose to administer the tool with 1207 Year 6 students. Using Cronbach’s 
Alpha it was determined that each of the nine scales were below the acceptable 
benchmark of 0.70, and two scales were below 0.50, indicating high errors and little 
internal consistency (Boren et al., 2011). From this analysis it was commented that 
the use of the CES might not yield accurate results. However, after examining the 
items it was established that there were strong relationships among items within the 
three dimensions of classroom environment developed by Moos (Boren et al., 2011). 
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In addition to this, it was identified that a high score in one scale does not necessarily 
mean this scale alone is positive, but other scales that feed into it may also be 
positive. It is suggested by Boren et al. (2011) that any research using the CES 
should be done with consideration that the items within each of the nine scales may 
link to the other scales within their dimension.  
Each of these studies identified the quantitative use of the CES. A different 
methodological approach was discussed by Fraser and Tobin (1991) when they 
critiqued three studies that used both quantitative and qualitative methods to explore 
the classroom environment. Each of the three case studies discussed followed a 
similar methodological process: First collect qualitative data using classroom 
observations and interviews, and then collect quantitative data using tools to measure 
the classroom environment, that is, the CES and the Individualised Classroom 
Environment Questionnaire (Fraser & Tobin, 1991). It was concluded that 
combining qualitative data with quantitative data provided a richer analysis of the 
classroom environment. That is, the qualitative data and analysis was confirmed by 
the quantitative data providing greater credibility to conclusions (Fraser & Tobin, 
1991). At the time, this form of methodology was considered “the exception rather 
than the rule” (Fraser & Tobin, 1991, p. 290).  
The CES was designed to assess student and teacher perceptions of the 
classroom environment, while the initial aim of this study was to exemplify the 
classroom environment (Fraser, 2012). Each of the above studies (Boren et al., 2011; 
Fraser & Tobin, 1991; Zedan, 2010) made quantitative or mixed method use of the 
CES. As identified by Fraser and Tobin (1991) qualitative data provided significant 
descriptions of the classroom environment, which was confirmed by the use of the 
CES. The use of classroom environment instruments (such as the CES) allows a 
researcher to understand student and teacher perceptions of the classroom 
environment. This study exemplified the classroom environment using to the nine 
scales provided by the CES as features with which to analyse the data and so develop 
conjectures. 
2.3.5 Summary 
In this section the construct of classroom environment was discussed. The 
dimensions of scales of the construct were reviewed, drawing on the views of various 
researchers (e.g., Barry & King, 1998; Brady & Scully, 2005; Fraser, 1998; Killen, 
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2007; Trickett & Moos, 2002; Wiliam, 2012). The CES was then discussed in terms 
of previous studies (Boren et al., 2011; Fraser & Tobin, 1991; Zedan, 2010) outlining 
potential limitations of the construct, for example the way in which the scales 
influence each other. 
2.4 TEACHER KNOWLEDGE 
It was identified within the introductory chapter that this is an emergent study. 
Objective 1 was to exemplify the classroom environment within the context of a low 
SES underperforming mathematics classroom. In completing this objective it 
emerged that teacher knowledge had a significant influence on the classroom 
environment. From this, Objective 2 of this study became clear: explore the influence 
of teacher knowledge on the classroom environment. To support this emergence, a 
variety of literature regarding perspectives on teacher knowledge is discussed in this 
section.  
Historically, a teacher’s knowledge of content was not differentiated from the 
pedagogy; that is, content knowledge and pedagogical knowledge were seen as the 
same thing (Shulman, 1987). Over time, this historical idea of teacher knowledge has 
changed due to the work of researchers such as Shulman (1986), Koehler and Mishra 
(2005), and Ball et al. (2008). These perspectives of teacher knowledge are each 
further discussed within the following subsections. Following this discussion, the 
literature regarding teacher knowledge is linked to this study.  
2.4.1 Shulman’s views on teacher knowledge 
Shulman (1986) challenged the historical view of teacher knowledge and 
highlighted a sharp distinction between teachers’ content knowledge and their 
knowledge of general pedagogy. Shulman went on to define the intersection of the 
two knowledges to be pedagogical content knowledge (PCK). This differentiation of 
knowledges is commonly depicted using a Venn diagram, as shown in Figure 2.2.  
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Figure 2.2. Shulman’s Venn diagram of pedagogical content knowledge (Shulman, 1986). 
Along with content and pedagogical knowledge, Shulman (1987) identified 
other knowledge forms that a teacher must have in the classroom: curriculum 
knowledge, knowledge of learners and their characteristics, knowledge of 
educational contexts, and knowledge of educational purposes and values. Aspects of 
these knowledge types link to the curriculum project: Knowledge of curriculum is 
required to effectively use the RAMR pedagogy and follow the structured sequence, 
and knowledge of learners is required to identify relevant reality situations and assess 
students’ prior knowledge (Cooper et al., 2013).  
The following subsections discuss the five different knowledge types identified 
by Shulman: content knowledge; pedagogical knowledge; pedagogical content 
knowledge; curriculum knowledge; and knowledge of students.  
Content knowledge 
Content knowledge refers to the organised subject matter knowledge known by 
the classroom teacher (Shulman, 1986). This content varies by age level and subject 
matter. A teacher must have knowledge of theories, procedures, and concepts within 
a given field in order to aid students’ clear development of understanding (Shulman, 
1986). 
Pedagogical knowledge 
Pedagogical knowledge is knowledge of the processes of teaching and 
learning. This includes processes of student learning, classroom management and 
lesson plan development (Koehler & Mishra, 2009; Mishra & Koehler, 2008).  
Shulman (1987) explained one process of teaching and learning through a 
model of pedagogical reasoning and action. This model contained the following 
processes: comprehension, transformation, instruction, evaluation, reflection, and 
new comprehension. A teacher must first comprehend the content they are teaching 
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(that is, have a substantial content knowledge), and transform that into pedagogy by 
(a) preparing what is to be taught and having a clear structure to the lesson; (b) 
finding alternate ways to represent that knowledge to students (i.e., providing 
examples); (c) selecting appropriate strategies with which to teach, organise, and 
manage the classroom; and (d) adapt the learning to the students taking into account 
misconceptions, student characteristics, learning difficulties, motivation, and social 
characteristics (Shulman, 1987). This planning should then be put into practice 
through instruction, throughout which the teacher should be evaluating the students’ 
understanding (Shulman, 1987). A teacher should participate in reflection after the 
completion of a lesson in order to analyse both teacher and student performance 
before repeating the planning process (Shulman, 1987). This model is not linear, and 
each of the phases within the model may not be used in each teaching episode 
(Shulman, 1987).  
Pedagogical content knowledge  
Shulman (1987) coined the term pedagogical content knowledge (PCK) 
relating to the transformation phase in the model of pedagogical reasoning and action 
(as described in the previous paragraph). PCK is the need to teach specific content 
using strategies that are best suited to particular students. A major influence of a 
teacher’s PCK is their teaching experience and knowledge of students’ background 
(Ball et al., 2008; Shulman, 1987). Developing an understanding of students’ prior 
knowledge and students’ learning styles, as well as gaining teaching experience, are 
all long-term endeavours and reflect the constructivist learning theory upon which 
Shulman’s work is based (Wright et al., 2006). Consideration of PCK requires 
teachers to think about subject matter and move beyond general instructional 
strategies in order to analyse how learners will perceive content, and respond with 
appropriate instruction or learning activities (Van Driel & Berry, 2010). 
Consequently the growth of PCK is complex and nonlinear; it is a learning curve 
(Van Driel & Berry, 2010).  
Park and Oliver (2008) used case study research to investigate PCK within a 
high school science context involving three teachers, each with the same 
qualifications but different levels of teaching experience. Data collected included 
classroom observations, semi-structured interviews, lesson plans, teacher reflections, 
student work and researcher field notes (Park & Oliver, 2008). This data was 
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analysed in three different manners, one of which was the analysis of PCK (Park & 
Oliver, 2008). It was suggested by Park and Oliver that PCK was strongly evident in 
teachers who were able to transform particularly challenging situations into teachable 
moments. This required the teacher to draw on awareness of the elements of PCK, 
that is, pedagogical knowledge and content knowledge (Park & Oliver, 2008).  
A similar study was conducted by Ball et al. (2008), but in the context of a 
mathematical classroom. Ball et al.’s study explored content knowledge for teaching 
with the purpose of understanding what is required to be an effective teacher. 
Through qualitative data collection, Ball et al. examined the day-to-day work 
required for effective teaching through lesson observations, the collection of student 
artefacts (i.e., student homework and quizzes) and the collection of teacher artefacts 
(i.e., lesson plans, notes and reflections). One finding suggested that through strong 
knowledge of content and student abilities, activities could be sequenced to take into 
consideration the mathematical concepts that may be difficult. 
The required knowledge of content and students (Ball et al., 2008) as well as a 
teacher ability to find alternate ways to teach (Park & Oliver, 2008) reflect the ideas 
of Shulman (1987) through the transformation process outlined within the model of 
pedagogical reasoning and action. Shulman (1987) stated that “teachers cannot be 
adequately assessed by observing their teaching performance without reference to the 
content being taught” (p. 20). This highlights the importance of understanding 
content prior to teaching, flexibility when teaching, and the significance of PCK. 
Curriculum knowledge 
Curriculum knowledge is knowledge of the particular program or materials that 
are used by the teacher (Shulman, 1987). Curriculum programs and materials are 
tools that aid a teacher when teaching particular content at a particular level with a 
particular age group (Shulman, 1986). It is expected within a classroom that a teacher 
should follow, understand and adapt a program in order to evaluate student 
accomplishments (Shulman, 1986). The curriculum project is an example of a 
program that a teacher could follow, understand and adopt.  
Shulman (1986) believed that it is the responsibility of the teacher to have an 
understanding of the learning that is taking place within all content areas to discuss 
relevant topics or issues. In this way, the learning is horizontal and falls across 
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numerous content areas. The content in the curriculum project is mathematically 
based and does not specifically include content from other subjects, but it does 
discuss relevant topics and issues through the link to reality. Shulman (1986) also 
encouraged the use of a vertical curriculum, in which students become familiar with 
topics and issues that they will be taught in the same content area over their time at 
school. The curriculum project has adopted the idea of a vertically sequenced 
curriculum in which all the mathematical content in one content strand is taught in a 
focused way, that is, moving from ability level to age-appropriate level (Cooper et 
al., 2013). An example of this is moving through operations, beginning with basic 
addition and moving towards algebraic thinking.  
Knowledge of students 
Shulman (1987) mentioned that a teacher must have an understanding of the 
learners within the classroom. Knowledge of learners is then used to tailor learning 
to the specific students within the classroom, as opposed to students in general. 
Through particular knowledge of students and their characteristics, a teacher will be 
able to select teaching strategies that will enable students to achieve lesson outcomes 
(Killen, 2007). When planning lessons, after first determining the outcome, a teacher 
must design activities that cater to students’ prior knowledge, motivation, and level 
of interest (Jones, Palinscar, Ogle, & Carr, 1987). A teacher needs to take “student 
conceptions, preconceptions, misconceptions, and difficulties, language, culture, and 
motivation, social class, gender, age, ability, aptitude, interest, self concepts, and 
attention” into account (Shulman, 1987, p. 15). This is reiterated through the study of 
Ball et al. (2008), who concluded that a combination of knowledge of students with 
knowledge of mathematics content enabled a teacher to plan effectively for areas in 
which students may show confusion. Two examples of knowledge of students are 
preferred learning styles and knowledge of the students’ cultural backgrounds. 
Consideration of learning styles (i.e., preferred ways in which students learn 
more effectively) is another way in which student differences can be taken into 
account. Allcock and Hulme (2010) conducted a study with the purpose of exploring 
differentiation in relation to learning styles and academic ability. Two classes of late-
teen philosophy students were compared; one class was differentiated by academic 
achievement, and the other by preferred learning style using pre- and post-tests and 
interviews (Allcock & Hulme, 2010). It was revealed that determining preferred 
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learning styles in the classroom was difficult, and it was evident in the students’ 
reflections that using many different types of learning was beneficial (Allcock & 
Hulme, 2010). It was found that neither approach worked better than the other, and 
the conclusion was drawn that all students can achieve so long as teachers plan good 
quality and varied lessons that provide equal opportunity for all students to access 
information in one way or another (Allcock & Hulme, 2010). Though the curriculum 
project has a younger age demographic and has the specific focus of mathematics, a 
similar strategy has been adopted. That is, the curriculum project recommends varied 
pedagogies.  
Cultural background is also a contributing factor to students’ knowledge, and 
links have been made between cognitive development and personal background. 
Ferrari and Mahalingam (1998) reviewed literature regarding cultural background 
and cognitive development, and developed implications for teaching and learning. It 
was identified that students’ cognitive development is based on the cultural 
environment in which students are raised (Ferrari & Mahalingam, 1998). Ferrari and 
Mahalingam (1998) suggest that the actions of a student are meaningless outside 
their personal, social or historical context, and this must be considered by a teacher. 
Social background can impact the way students learn, students’ values and goals, 
their definition of meaningful learning and intelligence, the importance of 
collaboration within the classroom, and how achievement can be measured (Ferrari 
& Mahalingam, 1998; McInerney & McInerney, 2006). The consideration of 
students’ backgrounds is encouraged by the curriculum project. The curriculum 
project is based on learning mathematics through experiences that are drawn from 
the students’ reality and/or culture. A teacher can use his or her knowledge of 
students to ensure learning is perceived as relevant by the students.  
Since Shulman’s (1987) work there have been several attempts to more 
specifically characterise the knowledges needed for teaching, including within the 
specific domain of mathematics. In the following sections two such bodies of work 
are reviewed, that is Technological Pedagogical and Content Knowledge (TPACK) 
Framework and Mathematical Knowledge for Teaching (MKT). 
2.4.2 Mishra and Koehler’s views on teacher knowledge  
Technological knowledge is the understanding of technologies that can be used 
within the classroom (Mishra & Koehler, 2008). Over the last 20 years, technology 
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has been increasingly used as a teaching tool and teachers should have a broad 
understanding of technology to apply it to everyday teaching (Hofer & Swan, 2008; 
Mishra & Koehler, 2008). The work of Mishra and Koehler (2008) has attempted to 
incorporate the influence that a teacher’s knowledge of technology has upon 
learning. 
Realising technology to be a necessary part of education, Mishra and Koehler 
(2008) extended Shulman’s (1986) PCK framework to include teachers’ knowledge 
of technology and its use. Mishra and Kohler’s framework is referred to as the 
Technological Pedagogical and Content Knowledge (TPACK) Framework. Like 
Shulman’s original PCK, TPACK is often depicted as a Venn diagram, as shown in 
Figure 2.3.  
 
Figure 2.3. The TPACK Framework (Mishra & Koehler, 2008, p. 3). 
The TPACK Framework extends Shulman’s model by incorporating 
technological knowledge, which results in the additional knowledge types of 
technological content knowledge, technological pedagogical knowledge, and 
technological pedagogical content knowledge. Each of these three new forms of 
knowledge is presented in turn.  
Technological content knowledge 
Technological content knowledge is the manner in which technology impacts 
the subject matter or content knowledge within the classroom (Koehler & Mishra, 
2009). Teachers need to have an understanding of the subject matter, as well as the 
manner in which technology can impact or change the content (Koehler & Mishra, 
2009). For example, visualisation technologies can demonstrate mathematics content 
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through representations of equations and graphs (Koehler & Mishra, 2009). A 
teacher needs to determine which technologies or programs effectively impact 
specific content within the classroom, and vice versa (Koehler & Mishra, 2009). 
Technological pedagogical knowledge 
Technological pedagogical knowledge is the knowledge of the manner in 
which teaching and learning is impacted when using technologies (Koehler & 
Mishra, 2009). Teachers need to have an understanding of various pedagogical tools, 
and how they can be benefitted using technology (Koehler & Mishra, 2009). For 
example, peer collaboration can move from the classroom to the Internet, in which 
numerous perspectives from around the world can be considered (Koehler & Mishra, 
2009). For a teacher to use technological pedagogical knowledge effectively, a deep 
understanding of both technology and its impact upon pedagogy (and vice versa) is 
required (Koehler & Mishra, 2009).  
Technological pedagogical content knowledge (TPACK) 
TPACK (distinct from the broader framework in which it is located) 
incorporates a deep understanding of each of the three types of knowledge in 
isolation, as well as the manner in which they impact one another (Koehler & 
Mishra, 2009). Mishra and Koehler (2008) believe that to be a creative, flexible and 
adaptive teacher requires knowledge of content, pedagogy and technology and ways 
in which these knowledge types interact, that is, TPACK. 
Mishra and Koehler (2008) introduced the concept of technology to the model 
developed by Shulman (1986) suggesting that teachers have a responsibility to 
integrate technology into teaching, and an expert teacher would consistently use 
three knowledge types: technology, pedagogy and content. It is suggested that 
through the use of the TPACK Framework, a teacher will be able to develop their 
knowledge when continually rethinking and preparing technological integration into 
education (Denise et al., 2010). Mishra and Koehler (2008) conclude their theory by 
describing TPACK as “a whole that is greater than the sum of its parts” (p. 14). 
Mishra and Koehler (2008) believe teaching using TPACK is more beneficial than 
teaching using the remaining six knowledge types. 
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Mishra and Koehler (2008) modified Shulman’s model to include technology 
and developed the TPACK Framework. Ball et al. (2008) also modified Shulman’s 
model to make it more specific to mathematics.  
2.4.3 Ball, Thames, and Phelps’ views on teacher knowledge  
Ball et al. (2008) acknowledge that Shulman’s PCK is widely used, but comment 
that it has been thinly developed and believe that the term PCK “lacked definition and 
empirical foundation, limiting its usefulness” (p. 389). In order to clarify PCK and 
extend Shulman’s ideas into a mathematical context, Ball et al. (2008) conducted a 
study and proposed mathematical knowledge for teaching (MKT). This consisted of 
six knowledge types: common content knowledge, specialised content knowledge, 
horizon content knowledge, knowledge of content and students, knowledge of content 
and teaching, and knowledge of content and curriculum (Ball et al., 2008). Ball et al. 
(2008) combined these six different types of knowledge into a model, highlighting the 
manner in which they link with Shulman’s subject matter knowledge and pedagogical 
knowledge. The manner in which they are related is depicted in Figure 2.4 and each 
knowledge type is described within Table 2.3. 
 
Figure 2.4. Domains of mathematical knowledge for teaching (Ball et al., 2008, p. 403). 
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Table 2.3 
Six Types of Teacher Knowledge (Ball et al., 2008) 
Knowledge 
type Description 
Common 
content 
knowledge 
CCK is the knowledge and skills used in non-teaching settings, that is, this is the 
knowledge of being able to use correct terms and notations. In essence, this is the 
knowledge required to complete the work that is set for the students. The term 
“common” is used, as this knowledge is not specific to teaching, and can be used 
within a variety of contexts and occupations. This knowledge is essential within the 
classroom, and it is also essential when planning through a curriculum.  
Specialised 
content 
knowledge 
SCK is the mathematical knowledge and skill that is unique to teaching, that is, 
knowledge that is not required for any other purpose than to teach. This type of 
knowledge allows a teacher to unpack mathematics in order to explain it to students. 
This requires a much more in-depth knowledge of mathematical understanding and 
reasoning that is not required of a learner in order to become fluent in mathematics.  
Horizon 
content 
knowledge 
Horizon content knowledge is an awareness of the curriculum in regard to the 
content knowledge that is being taught. That is, an understanding how content that is 
taught in early years will be extended within later years (e.g., extending from whole-
hour time to 24-hour time across the primary years).  
Knowledge of 
content and 
teaching 
KCT combines the knowledge of teaching with the knowledge of content. KCT is 
required when developing a sequence in which to teach mathematical concepts and 
determining how they could be taught. For example, within classroom discussion, a 
teacher must know when a student comment is relevant for further exploration as it fits 
within the sequence, or if it will be explained slightly further along in the sequence. 
Knowledge of 
content and 
students 
KCS combines knowledge of students with the knowledge of mathematics, in which 
the teacher is able to anticipate the areas that students may find difficult or 
confusing. A teacher must know what situations will motivate students, their level of 
mathematical understanding, and misconceptions or conceptions in order to teach 
effectively. 
Knowledge of 
content and 
curriculum 
Curricular knowledge is an understanding of the programs designed for teaching 
specific aspects of mathematics. This includes developing an understanding of the 
content that is being taught in relation to the resources that are provided. 
Note. Adapted from “Content Knowledge for Teaching: What Makes It Special?” by D. L. Ball, M. H. Thames, 
and G. Phelps, 2008, Journal of Teacher Education, 59(5), pp. 389-407. 
In the following paragraphs, relevant research on the background of the MKT 
is presented, as well as studies showing its use. 
In building the MKT model, Ball et al. (2008) drew reference from some 
earlier studies regarding mathematical content knowledge. The MKT model 
represents the theory that teachers need to have a deep understanding of what they 
are to teach in the classroom, but that this is not the only knowledge type required. A 
teacher also needs to know how to make the mathematics meaningful and 
understandable for the students, building on the earlier studies. In the following 
paragraphs two studies regarding content knowledge which led to the development of 
MKT are discussed, before further discussion on the use of MKT as a tool for 
identifying teacher knowledge. 
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Ball’s other works 
Hill and Ball (2004) refer to the knowledge required for teaching as both 
common content knowledge and specialised content knowledge. This mirrors the 
views of Shulman (1986), who believed that both general and in-depth knowledge of 
content is required. Hill and Ball (2004) conducted an investigation of the 
development of teachers’ mathematical content knowledge through professional 
development institutes. It was identified, through pre- and post-testing, that teachers’ 
mathematical content knowledge increased and that a teacher can learn mathematical 
content through professional development (Hill & Ball, 2004). In addition to testing, 
the observation was made that when teaching mathematics a teacher needed 
knowledge not only of the content that was being taught at a particular point in time 
but also of big ideas due to the interlinking nature of mathematics (Hill & Ball, 
2004). This provides an extension to the works of Shulman (1986) who discussed 
teacher knowledge more generally. Hill and Ball (2004) linked common content 
knowledge and specialised content knowledge directly to mathematics, deeming it 
essential to have a general as well as a deep understanding of mathematics. 
Hill, Schilling, and Ball (2004) completed a study that researched teacher 
knowledge when teaching elementary mathematics. Through organising teachers’ 
knowledge into types using a survey, it was identified that teacher knowledge was 
not strictly of mathematical topics (e.g., operations) but of content, and content and 
students. It was also found that a teacher needed to have knowledge of student 
achievement within the classroom, that is, students’ understanding of knowledge 
taught (Hill et al., 2004). This is reflective of the evaluative stage within Shulman’s 
(1987) model of pedagogical reasoning and action. In addition, the study by Ball et 
al. (2008) extended the work of Shulman (1987) by developing a model that 
demonstrated that a teacher must have knowledge of content and teaching, 
knowledge of content and students, and knowledge of content and curriculum to have 
pedagogical content knowledge, that is, the MKT model. 
Use of the MKT model 
The MKT model has been used as a tool to assess teacher knowledge. The 
following discussion provides examples of how it has been used.  
Charalambous, Hill, and Mitchell (2012) completed a study that focused on the 
limitations of teacher knowledge and curriculum. Three upper primary teachers’ 
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MKT was tested using a pen-and-paper test, and each was asked to deliver a lesson 
on integer subtraction (Charalambous et al., 2012). Each lesson was documented and 
then analysed. It was identified that a teacher’s level of MKT directly related to the 
clarity with which a lesson was delivered (i.e., use of representations, provision of 
clear explanations, use of correct language and notation, and acknowledging 
students’ knowledge to shape the lesson). It was identified that curriculum 
documents taught the teacher the knowledge required for the lesson and they were 
beneficial for a teacher with a low level of MKT; without the curriculum material 
there was potential for lesson failure (Charalambous et al., 2012). Charalambous et 
al. (2012) identified that the teacher with a higher level of MKT was able to provide 
stronger support for the students and was able to compensate for the downfalls of the 
curriculum.  
Another study was completed by Sleep and Eskelson (2012) with a similar 
focus of comparing two lessons based on the same curriculum in which the teachers 
had different levels of MKT. Similarly to the study by Charalambous et al. (2012), 
the teachers were in an upper primary age group and completed a pen-and-paper test 
to determine their level of MKT. The content that was taught in this study was that of 
fractions. Sleep and Eskelson (2012) had similar findings to Charalambous et al. 
(2012): The level of MKT impacted the quality of instruction. But there was one 
difference to the previous study: Teacher goals and orientation also impacted the use 
of the curriculum in the classroom (Sleep & Eskelson, 2012). The teacher with a 
lower level of MKT had a focus on learning through mathematics to develop a clear 
understanding, while the teacher with a higher level of MKT focused on learning 
specific strategies to solve problems (Sleep & Eskelson, 2012). In this way the 
teachers were using the curriculum materials differently to achieve a similar 
outcome. Sleep and Eskelson (2012) concluded that even though the teachers used 
differing approaches to teach the content, each method required sound MKT. 
Another study used a similar methodology to describe a teacher’s MKT 
through assessment and observational practices (Steele & Rogers, 2012). This study 
did not relate to specific content or curriculum unlike the two previously discussed 
studies. After assessing 25 teachers, two were chosen by Steele and Rogers (2012) to 
compare. The two teachers had different levels of teaching experience and similar 
knowledge of content (as determined through an initial assessment). The teacher with 
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less experience did not provide such an in-depth exploration into the mathematical 
connections of proofs when compared to the more experienced teacher, who 
explored proofs as a tool for communicating mathematics knowledge (Steele & 
Rogers, 2012). The more experienced teacher demonstrated a clearer understanding 
of how she was going to sequence the lesson than the less experienced teacher, which 
resulted in positive teaching practices involving students. In this manner, the 
experience level of the teacher and their pedagogical strategies influenced teaching 
practice. Steele and Rogers (2012) concluded that there needs to be a balance 
between sound knowledge of content and providing opportunities for learning. This 
use of MKT as a framework for examining the classroom as well as having an 
understanding of the teacher’s knowledge and background provided an in-depth 
critique of MKT (Steele & Rogers, 2012). 
In sections 2.4.1, 2.4.2, and 2.4.3 teacher knowledge has been discussed with 
regard to the models presented by Shulman (1986, 1987), Mishra and Koehler (2008) 
and Ball et al. (2008). In doing so, the importance of MKT has been highlighted. In 
the following section teacher knowledge, specifically MKT, is related to the 
curriculum project.  
2.4.4 Teacher knowledge in the curriculum project 
Within Phase 2 of this study, Ball et al.’s (2008) theory was chosen as a 
framework to study the influence of teacher knowledge upon the classroom. In this 
subsection, the important aspects of teacher knowledge in the curriculum project are 
discussed and these important aspects are then related to the MKT model developed 
by Ball et al. (2008). 
Critical aspects of the curriculum project 
There are four critical aspects of teacher knowledge related to the curriculum 
project: concept representation, the activity-type cycle, the RAMR framework, and 
the structured sequence. Each is discussed in turn in the following sections.  
Concept representation 
The use of concept representations in mathematics can be attributed to the 
works of Bruner (1964) who developed a theory of cognitive development and 
learning. This theory detailed three main stages of intellectual development: 
enactive, iconic and symbolic. This ranged from children seeing an object for its use, 
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to identifying purposes for images, to the identification of symbols (Bruner, 1964; 
McInerney & McInerney, 2006). In addition to this Bruner believed in the spiral 
curriculum. This is the creation of a thorough base knowledge using resources from a 
young age that can be continually built upon (Bruner, 2009). It was Bruner’s opinion 
that this sequencing of learning does not have to be confined to the early years and 
that it should be used within all age groups (Bruner, 2009).  
In a similar fashion, Payne and Rathmell (1975) proposed a model of concept 
development which comprised three main components: representation, language and 
symbol. Each component can be thought of as a different representation of 
mathematical concepts. To fully understand a mathematical concept, students need to 
be able to demonstrate various representations of mathematical understanding; for 
example, the use of hands-on or written representation, such as concrete, written and 
symbolic representations; or internal representations, such as cognitive perceptions 
of representations (Baturo, Cooper, & Thompson, 2003). Examples of each 
component of the Payne-Rathmell triangle can be seen in Figure 2.5. 
 
 Figure 2.5. Components and interactions between content constructions with example (Payne & 
Rathmell, 1975). 
Activity-Type Cycle 
The Activity-Type Cycle proposed by Ashlock, Johnson, Wilson, and Jones 
(1983), which is sometimes simply referred to as the Wilson Cycle, is at the core of 
Representation 
Symbol Language 
Real-world Problem 
Jenny ate one half of a cake; 
show how much cake is left. 
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the curriculum project’s pedagogical framework. The Wilson Cycle identifies six 
types of teaching and learning activities, at the centre of which is ongoing diagnostic 
assessment. The Wilson Cycle is depicted in Figure 2.6. 
 
Figure 2.6. Wilson’s Activity-Type Cycle (Ashlock et al., 1983, p. 26). 
Diagnosis incorporates the collection of student information to develop an 
understating of a student’s presence, correctness, or absence of a concept, that is, 
knowledge of content and students (Ashlock et al., 1983). Initiating allows students 
to encounter new concepts using lower-level prerequisite concepts, linking new 
understandings to prior knowledge (Ashlock et al., 1983). Abstraction is more 
structured than the initiation activities, and enables each student to focus on the new 
understandings introduced in the initiation example (Ashlock et al., 1983). 
Schematizing helps each learner focus on the relationships between concepts, and 
often leads to the formation of general mathematical rules drawing upon their 
common content knowledge and specialised content knowledge (Ashlock et al., 
1983). To consolidate learning, activities to practice learning help students remember 
concepts until their skills become accurate and habitual (e.g., games and drill 
practices). The transfer of knowledge occurs when students apply their new learning 
to new situations, both horizontally and vertically (Ashlock et al., 1983).  
The RAMR framework 
The pedagogy of the curriculum project is known as the RAMR framework; 
this framework is depicted in Figure 2.7. The framework originates in the work of 
Matthews (2009) whose conceptualisation of reality-based mathematics, along with 
the Wilson Cycle and Bruner’s idea of representational abstraction, constitute the 
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major building blocks of the so-called RAMR pedagogical framework (Cooper et al., 
2013). The RAMR framework was developed by Cooper and Baturo in collaboration 
with Matthews to answer the question “What is mathematics?” (Matthews, 2009, p. 
47). It begins with the observation of a particular part of reality which is then 
abstracted through the building up and use of abstract and symbolically represented 
mathematics knowledge (Matthews, 2009). Lastly, reflection is an integral part of the 
RAMR cycle, ensuring the mathematical concepts relate back to the learner’s initial 
reality (Matthews, 2009).  
 
Figure 2.7. The RAMR framework (Matthews, 2009, p. 47). 
To successfully teach with the curriculum project, the teacher must have an 
understanding of the RAMR framework. In order to identify and discuss the 
knowledge a teacher required in the curriculum project, a brief understanding of the 
context of the project is given.  
The curriculum project is written with reference to the structured sequence and 
uses RAMR cycles to develop learners’ reality-based understanding (Cooper et al., 
2013). The curriculum is comprised of a series of modules, and within each module 
there is a series of units. Further, within each unit there are multiple RAMR cycles, 
and for this reason, teachers need to have an understanding of the RAMR pedagogy 
(Cooper et al., 2013). These modules are ordered according to the structured 
sequence. The data gathering period of this Masters study coincided with three 
modules: (a) Module A1 – Pattern and Variable (b) Module O1 – Additive Whole 
Number Operations and (c) Module O2 – Multiplicative Whole Number Operations.  
  Reality Mathematics 
Critical Reflection 
Abstraction 
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Structured sequence 
The curriculum project has developed a vertically structured sequence of 
learning incorporating big ideas. This means that all content in one strand of 
mathematics (e.g., operations) is taught at once. The curriculum project has a specific 
sequence of ideas to clearly link mathematical concepts to accelerate the building of 
mathematical knowledge. The structured sequence is presented using the RAMR 
pedagogy in module booklets. In addition to multiple RAMR cycles the curriculum 
project has also provided worksheets and a portfolio task for each module. 
Each of the discussed critical aspects of the curriculum project provides insight 
into the development of the project. In the following section each of these aspects is 
linked to the MKT to identify the requirements of a teacher in terms of subject matter 
knowledge and pedagogical content knowledge.  
Knowledge related to MKT 
The critical knowledges required for the curriculum project are now linked to 
the two major knowledge types in the MKT model: subject matter knowledge and 
pedagogical content knowledge.  
Ball et al.’s subject matter knowledge 
The three knowledge types within subject matter knowledge include common 
content knowledge, specialised content knowledge and horizon content knowledge 
(Ball et al., 2008). Each of these knowledge types were discussed in section 2.4.3. 
Common content knowledge. In the curriculum project, and in particular with 
regard to the data gathered in this study, the content was quite narrow: additive and 
multiplicative operations. When using the RAMR framework a teacher needs to draw 
upon their own knowledge of common content in order to provide students with 
appropriate activities to practise their skills in the mathematics phase.  
Specialised content knowledge. The connections between forms of common 
content knowledge are explained within the module booklets provided by the 
curriculum project. When using the RAMR pedagogy a teacher draws upon their 
specialised content knowledge to clearly determine the relationships between 
mathematical concepts and to ensure the links between scales are appropriate. 
Examples include connections between whole number operations such as equals as 
balance and repeated addition as multiplication. 
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Horizon content knowledge. The awareness of the curriculum content is 
presented within the sequence of ideas developed by the curriculum project. The 
sequence includes the movement from small number additive operations to larger 
number additive operations before moving on to multiplicative operations. Once 
again, this is presented within the module booklet. In the reflection phase of the 
RAMR cycle a teacher needs to know how to apply students’ knowledge to new 
situations; the teacher is able to facilitate this by following the vertical sequence of 
learning.  
It can be seen that the module booklet (the way in which the suggested 
knowledge is presented) is a gateway for subject matter knowledge for the teachers 
in the curriculum project.  
Ball et al.’s pedagogical content knowledge 
Within pedagogical content knowledge, Ball et al. (2008) identify three 
knowledge types: knowledge of content and teaching, knowledge of content and 
students, and knowledge of content and curriculum. Each were described and 
discussed in section 2.4.3. 
Knowledge of content and teaching. This is demonstrated through a teacher’s 
selection of appropriate strategies with which to teach content. The curriculum 
project provides guidance through the inclusion of the RAMR pedagogy in the 
module booklets. When introducing new concepts, the reality and abstraction phases 
of the RAMR cycle require knowledge of content and teaching. This enables students 
to gain knowledge using appropriate pedagogical strategies. This includes using tools 
such as concept representations outlined by Bruner (1964) and Payne and Rathmell 
(1975).  
Knowledge of content and students. The curriculum project falls within the 
context of a low SES, underperforming mathematics classroom (Cooper et al., 2013). 
The students within this project have varying gaps in their knowledge, and this is 
something the classroom teacher needs to take into consideration. In addition to their 
low mathematical ability, the students may come from varying backgrounds, and 
according to Shulman (1987) and Ball et al. (2008) this must also be considered by 
the teacher. This knowledge is required when establishing the knowledge of the 
students so the teacher is able to infer what prerequisites are needed for a new 
concept of work. The curriculum project assists partly in this process by providing 
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teachers with feedback of test results, which describe the students’ levels of 
academic ability with regard to mathematical concepts. This data can be used to plan 
or adapt lessons to meet particular student needs. 
Knowledge of content and curriculum. In the curriculum project, knowledge 
of content and curriculum is knowledge of the overall structure of the project; that is, 
the module booklets, resources, portfolio tasks, tests and data analysis spreadsheets 
provided to the teacher (Cooper et al., 2013). A teacher needs to have knowledge of 
the resources available in the curriculum project and how they link to the content in 
order to implement it effectively. Within this project, a teacher is not expected to 
follow the curriculum word-for-word, but, as Shulman (1986) described, to follow, 
understand and adapt the program (Cooper et al., 2013). 
2.4.5 Summary 
Within the classroom, the teacher is seen as the knowledgeable other, and is the 
person students will often go to in order to gain knowledge. The knowledge of a 
teacher plays a critical role within the classroom, and it has been identified by many 
researchers that substantial teacher knowledge allows students to reach their full 
potential (Ball et al., 2008; Hill, Rowan, & Ball, 2005; Koehler & Mishra, 2009; 
Shulman, 1986, 1987). Within this study the MKT model provided by Ball et al. 
(2008) has been used to organise the discussion of teacher knowledge and its 
influence on the classroom environment. 
2.5 DISCUSSION AND IMPLICATIONS 
The overarching aim of this study was to investigate a low SES 
underperforming mathematics classroom. To begin the literature review the 
foundational aspects of mathematics were discussed, which led to a summary of the 
theoretical frame within which the curriculum project and this study is based.  
Following the theoretical discussion of the curriculum project, and therefore 
this study, various lenses by which a classroom could be investigated were discussed, 
including self-regulation, academic achievement, motivation and engagement, and 
the classroom environment. Of these, classroom environment was justified as an 
appropriate approach. In particular, the work of Trickett and Moos (2002) provided 
specific scales with which to analyse the goings-on of the classroom. The literature 
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discussed with regard to the classroom environment provided a basis to fulfil the first 
objective which was addressed during the first phase of this study: 
Objective 1: Exemplify the classroom environment within a low SES, 
underperforming mathematics classroom. 
The first phase of data collection and analysis exemplified the classroom 
environment as a single class of students participating in the curriculum project. It 
emerged that teacher knowledge appeared to be a substantial influence upon the 
classroom environment. Within section 2.4 of this chapter, teacher knowledge was 
discussed in terms of knowledge of content, pedagogy, curriculum, technology, and 
students. The MKT model proposed by Ball et al. (2008) provided a fine-grained 
model with which to analyse teacher knowledge. In order to further refine the 
explanatory themes proposed in Phase 1, Ball et al.’s (2008) MKT was adopted as a 
framework to achieve the study’s second objective: 
Objective 2: Explore the influence of teacher knowledge on the classroom 
environment. 
The following chapter, Chapter 3, details the research design through which the 
two objectives were fulfilled. Chapter 3 documents the methodological context of the 
curriculum project, the role of the researcher in both the curriculum project and this 
Masters study, and the particulars of the case study methodology adopted in this 
study, along with the research design including a discussion of the site, participants 
and data gathering tools. Chapter 3 also discusses the methods of analysis that were 
used, the timeline of the data collection and analysis, and issues of trustworthiness, 
ethics and the study’s limitations.  
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Chapter 3: Research Design 
This chapter describes the qualitative research design adopted to fulfil the 
emergent objectives of this study that was conducted within the context of the larger 
curriculum project. The first objective of this study was to describe the classroom 
environment of one particular classroom involved in the curriculum project. From 
this, a major theme that emerged was the apparent influence of the teacher’s 
knowledge on the classroom environment. Thus, the second objective of the study 
was to explore this theme in further detail and to identify and describe specific 
aspects of teacher knowledge and their influence on the classroom environment of 
the particular class under study. 
Two methodologies interacted in this study. The larger curriculum project’s 
methodology was design experiment, and the methodology of the study reported in 
this thesis was case study. Case study was adopted to achieve the aforementioned 
emergent objectives of the study in one particular classroom that was participating in 
the curriculum project’s design experiment. Within the case study the researcher 
acted as a participant-observer as she fulfilled her role as mediator between the 
curriculum project and the teacher and students of the classroom. This 
methodological contextualisation of this study is described in section 3.1 and then the 
methodology of this study is presented in section 3.2. The specific features of this 
study’s research design are described in section 3.3, including the various data 
gathering and analysis techniques employed. Section 3.4 presents the timeline of the 
study, highlighting when observations and coaching sessions took place. In section 
3.5, strategies for ensuring the trustworthiness of the data collection, analysis and 
subsequent refinement of theories are described. Finally, in section 3.6, the ethical 
considerations and limitations of this study are presented. 
3.1 RESEARCH CONTEXT 
As noted previously, this study was conducted within the broader context of a 
larger curriculum project. In the following subsections the methodology of the 
curriculum project is first summarised, followed by a description of the interrelated 
roles of the author in the curriculum project and in this Masters-level study. Links 
 48 Mathematics knowledge for teaching and the classroom environment 
between the curriculum project’s methodology and that of this study is discussed in 
the latter’s detailed description (presented in section 3.2). 
3.1.1 Curriculum project’s methodology 
The broad objectives of the curriculum project related to the development of 
theory and practice in relation to accelerating the mathematics learning of 
underperforming students in low-socioeconomic mathematics classrooms. To 
achieve these objectives the curriculum project has adopted a design experiment 
methodology.  
The purpose of design experiment is to develop theories about the process of 
learning and to provide ways in which to support said learning (Cobb, Confrey, 
diSessa, Lehrer, & Schauble, 2003). The term design experiment does not describe 
one single methodology. Instead, design experiment encompasses a range of related 
research approaches that can be differentiated by who is studied and for what 
purpose. When focusing on the provision of support to teachers, the particular form 
of design experiment employed in the curriculum project could be characterised as 
in-service teacher development (Cobb et al., 2003). Within this form of design 
experiment researchers collaborate with teachers to support the development of a 
professional community.  
Cobb et al. (2003) define five crosscutting features of design experiments: the 
purpose, the interventionist nature of the methodology, the development of 
conjecture, the iterative design, and the specific nature of the theories developed. 
Each of these features is now described and discussed in terms of the curriculum 
project, so as to provide a methodological context in which this study was conducted. 
 Purpose. The first feature of a design experiment is that it is purposeful: it 
sets out to make some change (Collins, Joseph, & Bielaczyc, 2004). The 
purpose of an in-service design experiment is to develop a class of theories 
about the process of learning and the support of learning with regard to the 
classroom teacher (Cobb et al., 2003). Processes of learning are thought of 
as the construction of knowledge, while the support of learning 
encompasses material artefacts, teaching and learning practices and policy 
levers (Cobb et al., 2003). The purpose of the curriculum project was to 
develop theory and practice in regard to the acceleration of students’ 
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learning. An important aspect of that purpose was to provide participating 
teachers with the necessary support to implement the curriculum, including 
developing their knowledge of mathematics content and associated 
pedagogy.  
 Intervention. The second feature of a design experiment is its 
interventionist nature (Collins et al., 2004). In a design experiment the 
intent of the intervention is to draw on prior research to develop new forms 
of learning to create educational improvement, and through this 
intervention a theory can be developed (Cobb et al., 2003). The curriculum 
project involved the design of a curriculum, based on theories related to 
mathematics pedagogy, which aimed to accelerate underperforming 
students by carefully sequencing instruction to explore the structure of 
mathematics knowledge. The intervention that the curriculum project 
provides is an accelerated mathematics curriculum. This curriculum is 
based on a structured sequence of ideas, which are presented in a series of 
modules. This is more specifically described in section 2.4.4 of the 
literature review where links between teacher knowledge and the 
curriculum project are made. To be successful, the intervention required 
sound teacher knowledge of both mathematical content and pedagogy. 
 Conjecture development. Design experiments were developed in order to 
refine educational designs based on prior research (Collins et al., 2004). 
This involves the development of conjectures within the design 
experiment. Theory development is both prospective and reflective: 
Interventions are implemented with the hypothesis that they will improve 
the learning process, but these interventions are then reflected upon and 
tested (Cobb et al., 2003). In this way, the intervention undergoes 
progressive refinement until it becomes effective (Collins et al., 2004). 
The curriculum project has hypothesised that accelerated learning is 
possible when content is carefully sequenced to explore the structure of 
mathematical knowledge and that the exploration of knowledge should use 
a pedagogical framework that is based upon the reality of the learner. To 
test and subsequently refine this theory the curriculum project involved 
observing the enactment of the curriculum in the classroom using the 
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suggested reality-based pedagogy, discussing the implementation of 
curriculum with the teachers and collecting a variety of data related to the 
learner’s performance.  
 Iterative design. The fourth characteristic of design experiment is the 
iterative design: As conjectures are developed and refuted new conjectures 
are developed, highlighting a cyclical and iterative design process (Cobb et 
al., 2003). The curriculum project was designed to be conducted over a 
period of several years. During that time the curriculum materials have 
been trialled, reflected upon, refined and then subsequently re-trialled. 
This iterative improvement of the curriculum relies on the careful 
gathering of data related to teachers’ and students’ interactions with the 
curriculum and its effects on students’ mathematical performance. 
 Theory development. Design experiment is not based solely on the 
refinement of practice, but also on the development and refinement of 
theories (Collins et al., 2004). Design experiments do not focus on “grand 
theories” but on an immediate theoretical scope that is located within the 
context in which the study takes place (Cobb et al., 2003, p. 11). The 
curriculum project is being conducted across several schools with similar 
socioeconomic conditions, with similarly aged children and with teachers 
of similar qualifications and teaching experiences. The theories generated 
from the curriculum project are limited in their generalisability: the scope 
of the curriculum project’s theories will be limited to other educational 
settings that are similar to those in which the study was conducted.  
Consideration of these five features in regard to the curriculum project has 
been used to summarise the methodology of the curriculum project and so describe, 
from a research methodology point of view, the context in which this Masters study 
was conducted.  
3.1.2 Author’s roles 
During the time of this study the author of this thesis acted in two interrelated 
capacities: she was a research assistant of the curriculum project as well as a student 
conducting this Masters-level research project. In her role as a research assistant the 
author was responsible for developing aspects of the curriculum project’s classroom 
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materials, contributing to the curriculum project’s provision of support to the 
teachers implementing the curriculum, and the gathering and subsequent analysis of 
a range of research data (i.e., the features of intervention, conjecture development 
and iterative design). With regard to supporting the teachers and gathering data, this 
involved entering the various classrooms involved in the project and acting as a 
teacher-aide. This enabled her to naturalistically observe the goings-on of the 
classrooms and, where necessary, assist the teachers and the students. Supporting the 
teachers also involved engaging with them in professional conversations regarding 
the various aspects of the curriculum project. This included assisting the teacher to 
interpret the curriculum’s structure and content and, as needed, helping the teacher to 
adapt learning materials to the particular needs of each classroom. In this way the 
researcher conducted lesson observations and coaching sessions. In her role as a 
Masters student, the author conceptualised, designed and conducted the study 
reported upon in this thesis. In many respects, this thesis provides a detailed account 
of the curriculum project’s implementation in one particular classroom as observed, 
recorded and analysed by the author (acting as a participant-observer) as she fulfilled 
her role as research assistant in the curriculum project. As the curriculum project 
framed this study, the same methods of data collection were used. 
3.1.3 Summary 
This study was conducted within the context of the larger curriculum project. 
As such, this study was shaped by the purposeful and interventionist nature of the 
curriculum project which sought to develop both theory and practice in an iterative 
fashion. Within that context, this study has been conceptualised to explore the 
goings-on (classroom interactions) of a single class participating in the curriculum 
project and to develop explanatory theory regarding the classroom environment. 
From this, tentative implications regarding the conduct of the curriculum project can 
be drawn such that both theory and practice can be advanced with regard to the 
classroom environment in a low SES, underperforming junior secondary 
mathematics classroom. 
3.2 METHODOLOGY 
The objectives of this study were emergent: initially the goings-on of a 
particular classroom involved in the curriculum project were observed and described 
 52 Mathematics knowledge for teaching and the classroom environment 
through the lens of classroom environment. From this, tentative conjectures were 
made with regard to the influence of teacher knowledge upon the classroom 
environment. These tentative conjectures were then refined based on the further 
gathering of data in relation to teacher knowledge. To support the emergence and 
achievement of these objectives, case study was selected as the methodology upon 
which to base this study. 
3.2.1 Study characteristics 
A case study is an in-depth analysis of a single entity and is constrained by 
some form of boundary, for example, time (Creswell, 2012; McMillan & 
Schumacher, 2006). The boundary of this case study within the larger curriculum 
project was its participants: the teacher, the students and the researcher (who was 
acting as a participant-observer). In particular this was a class of underperforming 
mathematics students in a low SES school, being taught by a teacher who was 
practicing out of her field. Thus the findings of this study are limited to this 
particular class and her students.  
Numerous theorists characterise case study research in different ways  
(Denscombe, 2007; Merriam, 1988; Thomas, 2011a). The following four general 
characteristics can be found, in one form or another, within most theories of 
qualitative case study design: particularistic, descriptive, heuristic and inductive 
(Merriam, 1988). In the following paragraphs, these general features of case study 
are discussed with regard to this study. Then, a framework proposed by Thomas 
(2011a) is applied to discern the particular features of the case study reported upon in 
this thesis. 
The first general characteristic of a case study is that it is particularistic: A case 
study details a very specific phenomenon with a focus on one specific field presented 
from different points of view (Merriam, 1988). Case studies are also very descriptive 
of the phenomenon (Thomas, 2011a). Within this study the focal phenomenon was 
the classroom environment of a particular classroom. 
The second general characteristic of case study is its rich descriptiveness. 
Merriam (1988) claims that by developing a rich picture of the phenomenon 
analytical insights into the phenomenon can be gained. In creating such rich 
descriptions, Thomas (2011a) suggests that the case should be dealt with in its 
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entirety and there should not be focus upon isolated factors. In this study, the 
construction of rich, holistic descriptions of the classroom environment led to 
insights regarding the influence of teacher knowledge on the classroom environment.   
Thirdly, case studies have a methodical, heuristic characteristic that result in 
the reader’s increased understanding of the phenomena: Case study allows the reader 
to discover new meaning, extend their personal experience, or confirm what is 
already known (Denscombe, 2007). Within this study a methodical approach to 
observing, analysing and building a theory was applied. 
The fourth characteristic of case study is its inductive nature. That is, 
propositions are derived from specific examples and hypotheses are continually 
revised throughout the case study (Merriam, 1988). In this study, hypotheses were 
continually developed and revised to thoroughly describe and explain the goings-on 
of the classroom in regard to classroom environment and, as its significance 
emerged, the influence of teacher knowledge. 
In this study, the focused and richly detailed descriptions of classroom 
environment in a particular classroom and the forming and re-forming of theory to 
explain the relationship between classroom environment and teacher knowledge were 
supported through the use of case study. To better understand the subtle differences 
between different case study types, Thomas (2011a) has developed a model as 
presented in Figure 3.1. In this model, Thomas delineates various case studies in 
terms of four features: the subject of the study, the purpose of the study, the approach 
of the study and the process of the study. In Figure 3.1, the use of bold italic text 
highlights the specific features of this study. The details of Thomas’ model and the 
justification of this study’s characterisation in terms of the four features are discussed 
in the following subsections. 
 
Figure 3.1. Thomas’ model of case study types in relation to this study. Adapted from Thomas 
(2011a). 
Subject 
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Subject 
The subject of the case study is the definition of the case itself (Thomas, 
2011a). There are three types of case study subject: key case, outlier case and local-
knowledge case. A key case is the study of a good example of something; for 
example, Hurricane Katrina is a good example of a case of hurricane damage 
(Thomas, 2011a, 2011b). Within this form of case study, one would have to rely on 
nomination from knowledgeable individuals in order to choose an appropriate case 
(Lichtman, 2010). An outlier or deviant case shows something that is different from 
the norm; something of interest that is unusual, unique or special (Lichtman, 2010; 
Lijphart, 1971; Thomas, 2011a). Lijphart (1971) commented that this form of case 
study is theoretically valuable as additional variables that may not yet have been 
researched are uncovered. 
The final category is local-knowledge case; this encompasses a phenomenon 
with which the researcher is familiar (Thomas, 2011b). For example, this could 
include a place of work, home life, or a personal situation within a university 
(Thomas, 2011a). This is similar to the “soak and poke” approach of Fenno (1996, p. 
4) in which the researcher was embedded within a phenomenon with the aim of 
inquiring further into that phenomenon. Of these, local-knowledge case most 
accurately describes the study of a typical classroom involved in the curriculum 
project with which, as a research assistant, the author had some familiarity. In this 
Masters study, case study allowed the researcher to drill down into the goings-on of 
the local-knowledge case through the lens of classroom environment (Thomas, 
2011a, 2011b). This lens of classroom environment is what Thomas (2011a) refers to 
as the object, or analytical frame, upon which the study was based and through which 
the subject was viewed. 
Purpose 
The second category outlined by Thomas (2011a) is purpose. The purpose of a 
case study is the study’s objective and addresses the question, “Why are you doing a 
case study?” (Thomas, 2011a, p. 97). The purpose for a case study can be intrinsic, 
instrumental, evaluative, explanatory or exploratory (Thomas, 2011a). 
An intrinsic case study is research for the sake of research; this is often referred 
to as blue-sky research as there are no obstacles or barriers for the objectivity of the 
study (Thomas, 2011a). In this form of research the focus is on the case itself and is 
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usually carried out in order to investigate unusual or unique themes or issues 
(McMillan & Schumacher, 2006). Instrumental case studies are completed for a 
purpose: They are a means to an end and are not used just for the love of knowledge 
(Thomas, 2011a). Within an instrumental case study there is a focus on a theme or 
issue, as opposed to the intrinsic case-focus (Stake, 2005). Neither intrinsic nor 
instrumental describe the purpose of this study: The study was not research for the 
sake of research, and, despite the design experiment methodology of the 
encompassing curriculum project, this study did not have the purpose of solving a 
problem. 
An evaluative purpose encompasses research completed to see how well 
something has worked, that is, evaluating something that has recently been 
implemented within a case (Thomas, 2011a). Again, whilst the encompassing 
curriculum project proposed and refined an intervention, the purpose of this study 
was not evaluative as it was not seeking to evaluate the effectiveness of the 
accelerated learning program.  
The final two purposes presented by Thomas (2011a) are explanatory and 
exploratory. Within his original typology, Thomas (2011b) combined these two 
purposes, but has since separated them as he found a distinction between exploring 
an object and explaining an object (Thomas, 2011a). Within an explanatory case 
study the purpose is to explain a phenomenon by drilling down into the particular 
context. This purpose can be further described as theory-led since it attempts to 
explain the phenomena with reference to existing theory; that is, it will explain “the 
causes of events, processes or relationships within a setting” (Denscombe, 2007, p. 
38). An exploratory case study begins with a problem or an issue that is perplexing, 
in which the researcher investigates what is happening and why (Thomas, 2011a). In 
this study, the perplexing issue was classroom environment in the specific context of 
the curriculum project. This case study was exploratory: Whilst it used the nine 
scales of the classroom environment as features of analysis (Trickett & Moos, 2002) 
along with the model of mathematical knowledge for teaching (Ball et al., 2008) as 
the basis for gathering and analysing data, it explored the influence of teacher 
knowledge on classroom environment and thus built new theory to explain this 
relationship. 
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Approach 
After defining the purpose of the study an approach can be developed. Thomas 
(2011a) identified several approaches: illustrative, interpretative, experimental, 
testing a theory, and building a theory. 
An illustrative approach provides an illustration of a particular phenomenon, 
allowing the case study to be more real to the reader (Thomas, 2011a). Though this 
study has developed a comprehensive illustration or rich description of the goings-on 
of the classroom, it has done so using the analytical frame of classroom environment. 
The illustrative approach does not use a framework of any kind and as such is not 
appropriate for describing the approach of this study.  
An interpretative approach is common within case studies, as this approach 
develops an in-depth understanding within the environment of the subject area, to 
then answer a research question (Lijphart, 1971; Thomas, 2011a). In this approach a 
researcher immerses him or herself within the context and attempts to understand 
each part, person or thing within the study (Thomas, 2011a). Within this study, the 
researcher became immersed in the context to understand it, but did so with the 
analytical frame of classroom environment (and then teacher knowledge) in mind, 
and therefore the interpretative approach is not appropriate for describing the 
approach taken in this study.  
An experimental approach involves the gathering of data within strict, 
controlled conditions (Thomas, 2011a). Variables are taken into account within this 
approach. Instead of the typical control group versus experimental group, within an 
experimental case study the control comes from the one group itself (Lijphart, 1971). 
That is, data are first collected from a group of participants, then a variable is 
changed and data are collected once more (Lijphart, 1971; Thomas, 2011a). Whilst 
this study was conducted within the context of the curriculum project design 
experiment, the focus of this study was not on the changes in student performance 
that resulted from the curriculum project’s intervention. As such, the experimental 
approach does not appropriately describe the approach that was taken in this study. 
When testing a theory it is assumed there is a form of explanatory framework 
available in which the phenomenon is situated, with the aim of exploring a current 
theory (Thomas, 2011a). Within this study no theories that related influences on 
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classroom environment, such as teacher knowledge, were identified prior to data 
collection and analysis. That is, the case study was not testing an existing theory.  
When building a theory, a researcher aims to develop ideas throughout data 
collection (Thomas, 2011a, 2011b). There are no preconceived notions about what is 
important; any new ideas are developed from the data (Thomas, 2011a). Within this 
study, after describing the classroom environment, conjectures were tentatively 
proposed to explain the influence of the teacher’s knowledge on the classroom 
environment. Thus, while some aspects of the other approaches to conducting the 
case study may seem applicable, the building of a theory to explain influence of 
teacher knowledge on the classroom environment in a single class of under-
performing students was most appropriate. That is, this study adopted the building-a-
theory approach as described by Thomas (2011a). 
Process 
The final of the four features identified by Thomas (2011a) is the process. 
Thomas (2011a, 2011b) classified the processes used in case studies as either single 
or multiple. As this study was focused on the holistic measure of classroom 
environment (rather than focusing on the achievement of individuals) and data was 
collected from one single classroom, it identifies as a single case. With regard to 
single case studies, Thomas (2011a) identified three more specific types: 
retrospective, snapshot, and diachronic.  
Within a retrospective case study time is the most prominent feature (Thomas, 
2011a): There is a focus on the data collection regarding a phenomenon that has 
happened in the past by looking at documents and archives such as registers, 
newspapers, diaries and so on. As this study focused on the present day and data was 
collected through observations and coaching sessions the retrospective process did 
not apply. Within a snapshot process there is also an emphasis on time: Time strictly 
defines the boundaries of the case study (Thomas, 2011a). In this study time did not 
limit the data collection; it was only used as a guide. The final process is that of the 
diachronic study. This third process shows change over time and, more importantly, 
reveals differences as time proceeds (Thomas, 2011a). In this study, the diachronic 
process was selected as the curriculum project is a longitudinal study in which there 
is change over time through the implementation and revision of the accelerated 
learning program. As this study falls within the curriculum project and its 
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documentation of change over time, this Masters study, and therefore data gathering, 
is impacted by any preceding events. For this reason the diachronic process was 
selected in order to document the change over time with regard to the classroom 
environment. 
3.2.2 Summary 
This study was conducted within the broader context of the curriculum project, 
which was aiming to iteratively refine theory and practice regarding the accelerated 
learning of underperforming mathematics students. This study presents a short 
fragment of time in the life of the curriculum project. The methodology of the 
curriculum project required the researcher to act as a participant-observer within the 
classroom and a coach to the teacher, with the aim of aiding in the implementation of 
the curriculum project.  
In this study, single-case diachronic case study was used to describe and 
explain the goings-on of a particular classroom. The classroom of students was 
observed over a period of time and, in conjunction with discussions with the teacher, 
a theory was built to relate the teacher’s knowledge to the classroom environment. 
Observations, analysis and subsequent building of theory have provided useful ideas 
that have been fed back into the curriculum project so as to refine the curriculum 
project’s theory and practice.  
3.3 METHODS 
In the preceding section, Thomas’s (2011a, 2011b) case study framework, in 
conjunction with other case study literature (Fenno, 1996; Lichtman, 2010; Lijphart, 
1971; McMillan & Schumacher, 2006; Stake, 2005), was used to characterise the 
case study reported in this thesis. In particular, this case study was described as a 
local-knowledge case with the purpose of exploring the goings-on of a classroom in 
terms of classroom environment. To achieve this, a single-case diachronic process 
was proposed with which to build theory related to the classroom environment. This 
building of theory occurred in two phases, which aligned to the emergence of the 
study’s two objectives. 
In Phase 1, the focus was on describing the goings-on of the classroom in terms 
of features of classroom environment, based upon the scales of the CES proposed by 
Trickett and Moos (2002). These descriptions were constructed based on 
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observations of several lessons as well as several coaching sessions conducted by the 
researcher with the classroom teacher. This rich description and analysis of the 
classroom environment led to tentative conjectures regarding the apparent influence 
that the teacher’s knowledge had upon the classroom environment. 
In Phase 2, the description and analysis of the classroom goings-on continued; 
however, a framework for conducting a more fine-grained analysis of the influence 
of the teacher’s knowledge was introduced, based on Ball et al.’s (2008) model of 
mathematical knowledge for teachers. The Phase 2 analysis drew on all the collected 
data and led to the refinement of the tentative conjectures made at the end of Phase 1.  
In the following subsections more specific details are presented regarding the 
site, the participants, data gathering, and data analysis. 
3.3.1 Site 
The curriculum project involves four metropolitan schools in south-east 
Queensland, Australia. This study reports on one class of Year 8 students (12–13 
year olds) from one of the schools involved in the curriculum project. This school is 
a partner in the curriculum project and has committed to a three-year program that 
involves identifying underperforming students in Year 8 and Year 9, grouping these 
students into classes, and then trialling the intervention of the curriculum project with 
those students. In 2011, the school had an Index of Community Socio-Educational 
Advantage (ICSEA) value of 925 (Queensland Department of Education Training 
and Employment, 2011a, 2011b). This is similar to the other schools involved in the 
curriculum project, as the average ICSEA value of all schools in the project for 2013 
was 923 (ACARA, 2013), which is below the Australian average ICSEA value of 
1000 (ACARA, 2013). In 2011, the school reported a below-average attendance rate 
in Year 8: 86% compared to the state average of 90.7% (Queensland Department of 
Education Training and Employment, 2011b, 2012) Because of this low attendance 
rate it was anticipated that students’ absence might impact upon the classroom 
environment. In this study, the class of Year 8 students was one of two such classes 
in the school. The class had three 70-minute mathematics lessons per week: two 
taught in a regular classroom and one in a computer room. This is comparable to 
many schools in Queensland and is in line with the recommendations provided by the 
statutory authority (Queensland Department of Education Training and Employment, 
2014). 
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3.3.2 Participants 
There were three participant types in this case study: the researcher, the teacher 
and the students. 
Researcher. In this case study the role of the researcher was that of a 
participant-observer; the researcher interacted with the both the teacher and the 
students during the lesson observations. The researcher acted as an aide within the 
classroom both to help the students and to understand their perspective of the 
classroom environment. As part of the curriculum project, the researcher has had 
prior experience observing the class. As outlined in the introductory chapter, through 
working as a research assistant within this project the researcher was known to the 
teacher and students hence the choice of this particular school. This enabled the 
researcher to make a smooth transition between the role of research assistant within 
the curriculum project and the role of researcher within this study. 
Teacher. The second participant type in this study was the classroom teacher. 
This teacher was a trained English/Studies of Society and Environment (SOSE) 
teacher, and was not formally trained in mathematics. The teacher had participated in 
one half-day and four full-day professional learning workshops that introduced the 
teachers who were participating in the curriculum project to the curriculum and its 
associated pedagogy. 
Students. The final group of participants were the 16 students in the Year 8 
class. These students had been selected to participate in the curriculum project, and 
hence this study, based upon diagnostic assessments conducted by the school. Each 
student was identified as underperforming. The teacher indicated that there were six 
students with additional needs within the class, including students with an 
Intellectual Impairment, Autistic Spectrum Disorder, English as a Second Language, 
and Hearing Impairment. Despite this high percentage of students from the Special 
Education Program (SEP), the class was not assigned a teacher-aide. 
3.3.3 Data gathering 
Within qualitative research it is important to gather detailed information with 
which to explain the central phenomenon (Creswell, 2012). As previously stated, the 
central phenomenon was the classroom environment and the data gathered initially 
aimed at exemplifying the classroom environment and was then extended to explore 
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the influence of teacher knowledge. In this study there were two forms of data 
gathering events: lesson observations and coaching sessions. To document these 
events, field notes, audio and video recordings, and artefact collection were the three 
techniques of data gathering. 
Efron and Ravid (2013) suggest that the collection of field notes allows a 
researcher to develop themes within a study, in this case the themes behind 
classroom environment. In this study, field notes were created during both the lesson 
observations and the coaching sessions. 
In addition to the collection of field notes, each lesson observation and 
coaching session was audio or video recorded to provide the researcher with a 
permanent and detailed record. These recordings were viewed and analysed by the 
researcher and, where necessary, her supervisors. These recordings were managed in 
accordance with the approved practices of the curriculum project (refer to section 3.6 
for further details).  
During the lesson observations the researcher collected artefacts from the 
students in the form of photographs of student or class work. These artefacts were 
used with field notes to provide additional evidence, and are presented throughout 
the data and analysis sections and their related appendices. Access to this evidence 
was restricted to the researcher and the members of the curriculum project. Other 
than what is shown in this thesis, these artefacts have not been made available to the 
public. 
More specific details of the two forms of data gathering events are provided in 
the following subsections. 
Lesson observations 
Within this study, the researcher acted as a participant-observer in the class for 
seven lessons over a period of 12 weeks. This observation allowed the researcher to 
gather firsthand information from the participants (Creswell, 2012). The lesson 
observations provided for an authentic insight into the inner workings of the 
classroom that are often missed when teaching (Efron & Ravid, 2013). The 
observations allowed all participants to give information and demonstrate their 
classroom behaviours. That is, meaning could be gathered from non-verbal 
behaviours such as gestures and body language (Efron & Ravid, 2013). 
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There are numerous disadvantages to using the observational method of data 
collection that need to be considered, including the influence that the presence of the 
researcher may have. The presence of a researcher is often something that students 
are not accustomed to and can initially influence observations (Creswell, 2012). As a 
result, the observed classroom environment may be different from that which would 
be considered “normal”. This was mitigated within this study by the researcher’s 
presence prior to commencement of the data gathering period as she fulfilled her role 
of research assistant, and as such developed a familiarity and rapport with the teacher 
and the students.  
Within observations extensive field notes as well as audio or video recording 
were used as forms of data collection. Both began as soon as the researcher entered 
the room. First, notes were taken about the planned content of the lesson and the 
lesson’s learning goals. Then, notes describing the interactions between the 
participants in the classroom (the teacher, the students and the researcher) were 
taken. The data collected aimed to provide a comprehensive record of the classroom 
environment.  
Once the researcher had observed the lesson, a short teacher-researcher 
reflection took place. During this reflection the teacher’s immediate comments 
regarding the lesson were captured. This provided the researcher with an 
understanding of the teacher’s initial reaction to the lesson, highlighting what the 
teacher thought was the most important. This, along with researcher reflections on 
the observed lesson, informed future data gathering events.  
To preserve participant anonymity all participants were recorded using 
pseudonyms. 
Coaching sessions 
In accordance with her role as research assistant in the curriculum project, the 
researcher provided coaching to the teacher in the form of one-on-one sessions in 
which the curriculum and its implementation were discussed. These sessions were 
conducted at mutually convenient times and were different in their purpose to the 
brief reflections scaffolded at the end of each lesson observation. The purpose of 
these coaching sessions was to assist the teacher to implement the curriculum 
project’s intervention and included the co-development of teaching resources, the 
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discussion of mathematical content and its sequencing, and the discussion of the 
RAMR pedagogy on which the intervention was based. The coaching sessions 
provided an opportunity for the researcher to gather information regarding the 
teacher’s perceptions of the classroom environment and the factors that might be 
influencing it.  
There are disadvantages to data collection strategies such as these coaching 
sessions; for example: the researcher’s bias influencing the important elements of the 
discussion; the participant may tell the researcher what they think the researcher 
wants to hear; or the participants may not verbalise full truths (Creswell, 2012). To 
overcome these disadvantages, the coaching session discussions were based on 
previous data collection events and were tailored by the researcher toward 
purposefully working with the teacher to develop her teaching practice.  
During the data collection period of this study the coaching sessions adhered to 
the following format: (a) ask open-ended questions about how the teacher felt the 
lesson or program was progressing to stimulate the teacher’s reflection with regard to 
the goings-on within the classroom; (b) discuss researcher identified features of the 
class with regard to the classroom environment, including those which may be 
problematic; and (c) collaboratively develop teaching strategies to enhance the 
students’ learning, including improving the classroom environment. By using this 
method of data collection, the researcher was able to express detailed accounts of 
experiences, which were often not captured through lesson observations, and this was 
beneficial in explaining what influenced the classroom environment, including the 
teacher’s self-reported knowledge of mathematics content and pedagogy.  
The manner in which the collected data was analysed is discussed in the 
following section.  
3.3.4 Analysis 
When conducting qualitative analysis a researcher has to take the data collected 
and develop themes (Lichtman, 2010). To organise this process of data collection 
and analysis, and to do this in keeping with the iterative nature of the diachronic case 
study, the process for qualitative data analysis proposed by Creswell (2012) was 
adapted and used throughout the two phases of this study. In this process, Creswell 
(2012) identified six steps: data collection, data preparation, read-through of data, 
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coding against the analytical framework, identifying exemplars of codes, and 
identifying themes between codes. This process and the analysis was then reflected 
onto future data collection events. This reflection of themes onto future data 
gathering events was particularly important in this diachronic study. 
Creswell’s (2012) process formed the basis for that used in this study. Five 
steps were iterated through: (1) data collection; (2) data familiarisation (which 
involved preparing the data and reading through it); (3) raw data coding; 
(4) exemplar identification; and (5) theme identification. The iterative data analysis 
process used in this study is depicted in Figure 3.2. Each of the five steps is 
described in more detail within the following paragraphs, including the specific focus 
during each phase of the study.  
 
Figure 3.2. The qualitative process of data analysis used in the study. Adapted from Creswell (2012, 
p. 237).  
1. Data collection. Raw data collection included the lesson observations and 
coaching sessions, as previously described in section 3.3.3.  
2. Data familiarisation. The three forms of data gathered (field notes, photos 
of artefacts, and recordings) were assembled into chronological order 
using a digital note-taking system. This allowed the researcher to easily 
associate the field notes with the artefacts, and as needed the 
corresponding segments of audio or video recordings. The researcher was 
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then able to look back at the evidence and develop a narrative of the 
classroom’s goings-on. The first step in preparing this narrative was to 
read the field notes and view the associated artefacts to get an initial sense 
of the data and the emergent ideas. The video and audio recordings were 
an additional form of evidence and were referred to when the field notes 
and artefacts were inadequate or incomplete. 
3. Raw data coding. Data coding involves the assignment of labels to 
excerpts of data, from which descriptions and broad themes from the case 
can be drawn (Creswell, 2012; Efron & Ravid, 2013). In Phase 1 of the 
study, the focus was on exemplifying and describing the classroom 
environment. To do this, the data was coded using the nine features of the 
Classroom Environment proposed by Trickett and Moos (2002). In Phase 
2 of the study, the focus shifted to the influence of the teacher’s knowledge 
on the classroom environment. As such, the coding system was extended 
to include the forms of teacher knowledge proposed by Ball et al. (2008).  
4. Exemplar identification. This involves the development of a rich 
description of the case, from which analytical insights can emerge 
(Merriam, 1988). The coded data was analysed to identify good examples 
and counter-examples of the codes, thereby constructing a clear picture of 
the case. In Phase 1, this picture focused on the classroom environment in 
terms of the nine features. In Phase 2, detail of the picture was enriched to 
include examples of how the teacher’s knowledge influenced the 
classroom environment.  
5. Theme identification. Another deeper form of analysis is the 
identification of explanatory themes (Creswell, 2012). This involves 
looking for patterns within the coded data. In Phase 1 this analysis first 
involved identifying relationships between the features of the classroom 
environment. Then, at the end of Phase 1, the overarching theme of the 
influence of teacher knowledge emerged and was tentatively described 
with reference to the examples of the classroom environment features. In 
Phase 2, examples of the forms of teacher knowledge identified by Ball et 
al. (2008) were similarly scrutinised for patterns. This included revisiting 
the data collected during Phase 1 to seek additional evidence of the 
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influence that particular forms of teacher knowledge appeared to have 
upon classroom environment. This analysis elaborated the details of the 
tentative conjectures that related teacher knowledge and classroom 
environment. Further to this, implications were drawn regarding the 
development of the classroom teacher’s knowledge so she could 
successfully implement the accelerated learning program. 
The use of this iterative approach to analysing the data allowed for the 
emergence of theory relating classroom environment to teacher knowledge. Each 
cycle of data gathering, familiarisation, coding and identification of examples and 
themes built one upon the other, such that confidence in the emerging theory was 
established. 
The timeline in which the data collection and subsequent analysis took place is 
presented in section 3.4. 
3.4 TIMELINE 
Figure 3.3 describes the order in which data gathering events were conducted 
in this study. There was not a one-to-one correspondence between the observations 
and coaching sessions due to the availability of the teacher as well as the 
appropriateness of the observed lesson. For example, in weeks when the classroom 
teacher was absent no observations or coaching sessions occurred. Or, in weeks 
when the lesson was focused solely on completing a test or when the students’ 
learning was interrupted by whole-school activities (e.g., student vaccinations) 
lessons were not observed although coaching sessions may have occurred. This 
explains why each lesson was not followed by a coaching session. 
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Figure 3.3. Data collection timeline. 
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and the conjectures that were made are based upon more than one data collection 
event. These conjectures were a result of the analysis of data gathered across the 
duration of the study (a total for fourteen data gathering events). This triangulation of 
the data using multiple sources and at multiple times aligns with the views of Kirk 
and Miller (1986) and of Merriam (1988). 
In a reliable study the findings need to be consistent between researchers 
(Thomas, 2011a). Stenhouse (1975) recommends that another way to ensure 
reliability is to seek the input of a critical friend who understands the nature of the 
study and who can provide critical advice regarding the analysis techniques and the 
conclusions that are being drawn. In this study, the data analysis and the themes that 
developed were discussed between the teacher and the researcher. During these 
descriptions the teacher acted not only as a data source but was also a critical friend 
who was able to provide confirmation of the researchers observations. The teacher-
researcher discussions also provided an opportunity for the teacher to introduce new 
ideas that the researcher had not previously noticed. The researcher also had a critical 
friend in her supervisor who provided a sounding board for the developing 
explanatory theories. The researcher and the supervisor met regularly to discuss the 
data, its analysis and the development of conjectures. These strategies have ensured 
the reliability of this study. 
A valid case study convinces the reader that the results make sense, based on 
the data that is collected (Thomas, 2011a). A study needs to be clearly presented and 
able to be interpreted by the reader in a consistent and coherent way (Kirk & Miller, 
1986). The data gathering and analysis methodically developed themes and 
conjectures. The data and analysis chapters document each data gathering event in 
detail, discuss the data in terms of classroom environment and teacher knowledge, 
and then describe the iterative nature of the study’s theory building in terms of how 
one data gathering event impacted the next. This clear, consistent and coherent 
presentation of the data collection and analysis process aligns with the ideas of 
validity described by Thomas (2011a) and Kirk and Miller (1986).  
3.6 ETHICS AND LIMITATIONS 
This study was conducted as part of the larger curriculum project. 
Consequently, this project was conducted in accordance with the curriculum 
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project’s approved ethical processes and practices. This study and the curriculum 
project were both classified as low risk in terms of research ethics. Whilst low-risk in 
nature, there were identified risks identified for the curriculum project, some of 
which were relevant to this study. The particular risks associated with this study 
were: (a) the collection of identifiable data that had the potential for exposing the 
participants’ identity; (b) increased teacher load associated with the participation in 
the study, including the coaching sessions; and (c) the use of audio and video 
recordings which may have made the participants, in particular the teacher, 
uncomfortable in their teaching environment and the coaching sessions. 
As described in the project’s ethics application and as communicated to the 
potential participants during their recruitment, appropriate measures to manage the 
risks were taken when conducting this study. To reduce the likelihood of exposing a 
participant’s identity all collected data, including digital data, was stored and 
accessed in a secure and controlled manner (in accordance with QUT guidelines) to 
minimise the likelihood of it becoming publicly available. Also, pseudonyms are 
used for all participants in this study so that the likelihood of revealing their identity 
is minimal. Similarly, any future reporting of this study (or the curriculum project) 
will use pseudonyms. With regards to increased teacher load, the curriculum project 
had previously negotiated with the school to provide the participating teachers with 
extra time to prepare to teach the accelerated learning curriculum and to participate 
in professional learning activities such as the coaching sessions. Also, the researcher 
of this study actively attempted to develop a positive professional relationship with 
the teacher so that the coaching sessions were perceived to be collaborative 
discussions that aimed to improve the teacher’s capacity to implement the project’s 
curriculum and, ultimately, the students’ learning outcomes. Finally, in regards to the 
potential discomfort associated with the use of audio and video recordings, it was 
clearly communicated to the participants, in particular the teacher, that the recordings 
were for the sole purpose of making an accurate record of the observed lessons and 
the coaching sessions, and that the recordings would only be used for analysis 
purposes and would not be made publically available. 
The curriculum project, and in turn this study, had the potential to positively 
impact upon student learning and teaching practice by better understanding what 
influences in the classroom environment, in particular the teacher’s knowledge. With 
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the stated risk management strategies in mind, it is claimed that the risks associated 
with the study were far outweighed by study’s potential benefits. 
Within this study, there are limitations regarding the generalisations that can be 
formed. As this was a case study, generalisations can only be formed within the 
observational context and may not be directly applicable to the other schools and 
classrooms within curriculum project. Though this is the case, the conjectures that 
were made and the emergent theory may be compared to other settings in order to 
further explore the classroom environment. In addition to this, there are also 
limitations to the study with regard to the data collection. The researcher interpreted 
the lesson observations and coaching sessions with regards to the features of the 
classroom environment, based upon the descriptions of the scales within the CES. 
The manner in which the researcher interpreted the teacher and student behaviours 
may by different to the manner in which another researcher could have interpreted 
them. Additionally, the behaviour of the teacher and the students may have been 
modified due to researcher presence, and within the coaching sessions the teacher 
may have made comments or suggestions that she may not have otherwise made. 
There was a pre-existing relationship between the researcher and the teacher and 
students, so the modified behaviour may have been somewhat limited when in the 
classroom, but this cannot be ruled out as a limitation. Finally, from the analysis of 
the data collected, the researcher interpreted that the teacher’s knowledge had an 
influence upon the classroom environment. A different conclusion may have been 
made by a different researcher.  
The following chapters present Phase 1 and Phase 2 of data gathering and 
analysis, and align to the study’s two research objectives. 
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Chapter 4: Data and Analysis Phase 1 
This chapter presents Phase 1 of this study. Phase 1 addressed the first 
objective of the study: To exemplify the classroom environment within a low SES, 
underperforming mathematics classroom. This was done by describing the specific 
classroom of this case study and relating this to nine features of the classroom 
environment (as identified within Trickett and Moos’ (2002) CES). The description 
of the classroom environment was based on the data gathered during the first three 
lesson observations and coaching sessions. 
The description, analysis and discussion of each of the six data gathering 
events are presented in sections 4.1 to 4.6. Each follows the same basic pattern. First, 
a description of the event is given. For each of the observed lessons, this description 
includes a summary of the teacher’s plan for the lesson, a chronologically organised 
account of the lesson, and a summary of the teacher’s post-lesson reflection. For each 
of the coaching sessions, the description includes a summary of the teacher’s 
reflection regarding the ongoing progress of the class and a summary of the topical 
discussion that occurred during the coaching session.  
Second, an analysis of each observed lesson or coaching session is presented as 
an emerging description of the relevant dimensions and features of the classroom 
environment based on evidence taken from the observed lessons and coaching 
sessions. In the case of the coaching sessions, the analysis is somewhat speculative as 
the topics of discussion were often in regard to how classroom teaching, and hence 
the classroom environment, could be improved.  
Finally, a discussion of each observed lesson or coaching session identifies 
possible relationships between the various features and the emergence of tentative 
ideas that identify and explain influences on the classroom environment. Some of the 
statements in this analysis are made with certainty, but it is understood by the 
researcher that anything that is stated is limited to the particular class that was 
observed and is conjectural in nature. In some cases, the discussion identifies 
questions that need to be explored in future lesson observations or coaching sessions. 
To ensure the reliability of the data analysis, the written descriptions of the observed 
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lessons and coaching sessions were read by a critical friend (i.e., the supervisor). The 
researcher and critical friend agreed that the analysis and discussion reflects the 
application of the features of the classroom environment. 
Following the description, analysis, and discussion of each lesson observation 
and coaching session, section 4.7 presents a discussion of each feature that 
incorporates evidence from each data gathering event in Phase 1. This discussion 
refers to relevant literature related to the nine features of the classroom environment 
and their interrelationships with one another. The discussion of the data leads to the 
formation of tentative conjectures that relate the classroom environment to teacher 
knowledge, which are presented in section 4.8. To finish the chapter, section 4.9 
summarises Phase 1 of the study and, in the emergent nature of the study, frames 
Phase 2 of the study in which the second research objective was addressed. 
4.1 LESSON OBSERVATION 1 
Phase 1 began with the observation of a lesson in which the class completed 
one module of work and began another. The lesson is briefly summarised and then 
described with regard to the nine features of the classroom environment. It was 
identified in the discussion (section 4.1.3) that planning and preparation had an 
influence on the classroom environment.  
4.1.1 Lesson description 
Lesson plan 
As the researcher walked into the classroom, the teacher gave the researcher a 
brief run-through of what she wanted to cover in the lesson. First she wanted the 
students to complete the post- and pre-tests corresponding to the previous module of 
work and the upcoming module of work. The teacher asked the researcher to work 
with some of the students that the teacher expected would have difficulties 
completing the test. The teacher commented that there was a planned activity for the 
students who finished early. Then, the teacher aimed to introduce the new module of 
work. To do this the teacher said she wanted to have a brief discussion on operations 
and then work through some of the associated early test questions that the students 
had just attempted. 
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Lesson account 
This lesson was at the point in time when the class was transitioning between 
two modules of the curriculum: Module A1 – Pattern and Variable and Module O1 – 
Additive Whole Number Operations. The observed lesson was composed of six 
distinct sections: (1) setting up the lesson, (2) completion of the tests, (3) a revision 
activity, (4) learning of new content, (5) review of tests question responses, and (6) 
an unplanned activity chosen by the teacher to fill in the remaining lesson time. Each 
of these sections of the lesson is discussed in turn. 
1. Setting up the lesson 
The lesson began with the teacher allowing the students to move into the 
classroom. The teacher then asked the students to arrange the desks in the room so 
the there was a clear separation between each desk allowing students to sit 
independently. The teacher then handed two test papers to each of the students before 
writing the goal for the lesson on the whiteboard: Complete the A1 and O1 tests, and 
introduce the O1 Module. Six students in this class were identified to be within the 
Special Education Program (SEP), and the teacher asked four of these students to 
work in an adjoining room with the researcher. 
2. Completion of the test 
In this section of the lesson, students were completing the pre- and post-tests 
(many students had begun these tests in the previous lesson). Based on the teacher’s 
prior experience with these students she had identified students who would “struggle 
with the literacy demand of these tests”. The researcher provided assistance to these 
students in an adjoining classroom until all students had completed the tests, at which 
point the researcher joined the class in the main classroom. 
3. Revision activity 
Upon the researcher’s return to the classroom, the teacher was observed to be 
conducting an activity based on the content of the recently completed A1 Module. It 
involved students using a 100s board on the interactive whiteboard (IWB) to identify 
patterns in number sequences. The students were asked to find the sequential and 
positional rules of the different sequences provided by the teacher. When the 
researcher re-entered the room, accompanied by the last two students to complete the 
tests, the teacher did not introduce or explain to them what the class was doing; 
instead the teacher continued with the activity. 
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After re-joining the class, the first pattern the researcher observed being 
displayed on the 100s board was “12, 19, 26, 33, …”. The students identified the 
sequential rule of “+7”. The students were then asked to identify an algebraic rule to 
describe this pattern (i.e., determine what the value (𝑣) of the 𝑛th term would be). In 
this case, the generalisation would be 𝑣 = 𝑛 ×  7 + 5. Despite this content being 
from the recently completed A1 Module no students were able to identify the 
algebraic generalisation. The teacher moved on to another number pattern of “1, 4, 9, 
16, 25, …”. The students were unable to identify the generalisation of this pattern. 
Such nonlinear patterns had not previously been encountered within the A1 Module. 
The researcher contributed to the classroom discussion stating “try thinking that 
1 × 1 = 1 and 2 × 2 = 4”. With this hint the students were able to establish a rule 
for the pattern (i.e., all square numbers), and in this case they were able to find the 
generalisation (i.e., 𝑣 = 𝑛2). 
During this revision activity the researcher observed different behaviours from 
the students. One group of students (approximately one third of the class) 
participated in the discussion: They were quiet and attentive when the teacher was 
talking and were keen to answer her questions. The second group of students (the 
remainder of the class) did not appear to listen to the teacher: They avoided looking 
at the teacher and were often talking to one another. During this activity it appeared 
that the teacher tended to focus her attention towards the smaller group of attentive 
students. 
4. New content 
After completing the patterning activity, the teacher moved on to new 
mathematical content. This section of the lesson involved the teacher asking for the 
students’ prior knowledge of additive operations. That is, content related to the 
beginning of the new O1 Module, which the students had just encountered in the pre-
test. The following questions were asked: 
What do you think is an operation? 
What did the test focus on? 
Can you think of any other words for addition? 
Can you think of any other words for subtraction? 
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Approximately one third of the students within the class participated in this 
discussion with the classroom teacher. These were the same students who had also 
participated in the previous patterning activity. The remainder of students were 
observed to be talking or writing notes to one another. This discussion lasted for 
approximately three to five minutes before the teacher began section five of the 
lesson.  
5. Test question review 
The teacher asked the students to review some of the pre-test questions, 
specifically those that related to the concept of equals as balance (directly relating to 
the first unit within the new O1 Module). It took the teacher a few minutes to display 
the test question on the IWB. Once the question was displayed for the students to see 
the teacher asked the students for their responses to the first question and their 
reasoning. Students called out their responses but were unable to give reasons for 
their answers. The classroom teacher informed the students of the correct answer but 
provided limited reasoning. When she did attempt to explain why an answer was 
correct or incorrect the teacher seemed unable to do so clearly and confidently. 
6. Unplanned activity 
At this point in the lesson the verbal plan provided by the teacher had been 
completed, but there was still remaining time before the end of the lesson. All 
students, including those who were previously participating, started chatting to one 
another as the teacher leafed through the module booklet to find, as she later 
admitted, an additional activity to finish the lesson. She selected an activity that 
involved the use of a numbered input-output table, an example of which is presented 
in Figure 4.1. This activity was taken from the second unit in the O1 Module, not the 
first unit (to which the previous questioning was related).  
input change output 
4 + 5  
15  23 
Figure 4.1. Lesson Observation 1: Input-output table. 
The teacher first explained the table by stating that the input is the starting 
number, the change is something that happens to the input, and the output is the 
answer. The teacher then worked through the first few rows as a class. The table was 
then partially filled, requiring the students to fill in the empty sections. Part way 
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through this activity the lesson ended, and students who had not finished the activity 
were required to complete the work at home. 
Post-lesson reflection 
At the end of the lesson the teacher reflected that she was unsure of what to do 
for the last part of the lesson and that she had selected the input-output table activity 
believing it to be easy despite knowing that the activity did not follow the structured 
sequence suggested by the curriculum project. The classroom teacher briefly 
commented that the students’ behaviour in the lesson had been, in her words, “very 
poor” and that she sometimes had difficulty getting the students “involved” within 
lessons. 
4.1.2 Analysis 
Trickett and Moos (2002) group their nine scales of Classroom Environment 
under three dimensions: relationship, personal development, and system maintenance 
and change. As the analysis of data uses the nine scales as features, the following 
analysis of the observed lesson is organised by the three dimensions. For each 
dimension, evidence of the classroom’s environment in terms of the dimension’s 
feature is analysed. 
Relationship 
Trickett and Moos (2002) define the relationship dimension of classroom 
environment to be comprised of the three features of involvement, affiliation and 
teacher support. In this lesson substantial evidence of the involvement and teacher 
support features was collected, however there was only limited evidence of the 
affiliation feature. 
Involvement is described as students’ drive to learn within the classroom and 
how they work to achieve their potential, both of which have a large influence over 
students’ interest and enjoyment in school (McInerney & McInerney, 2006). 
Involvement was observed at several times throughout the lesson. For example, the 
teacher attempted to involve students at a group level when she led the whole-class 
discussion related to operations during the fourth section of the lesson. During this 
discussion, as described in the account of the lesson, approximately one third of the 
class participated by willingly sharing their ideas in response to the teacher’s 
questions. During this time the teacher modelled her own interest in the activity 
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through her questioning of student knowledge and positive reinforcement of student 
involvement. These participating students could be described as having a positive 
relationship with the teacher. Involvement within the lesson was not exhibited to this 
extent by the remaining two thirds of the class. These students could be described as 
having a negative relationship with the teacher. 
The involvement of the students appeared to reduce in the last section of the 
lesson when the teacher had to plan an additional activity. Whilst selecting the 
activity, she displayed little eye contact with the students (and the researcher) and 
continuously leafed through the module booklet with an appearance of uncertainty. 
When this occurred, the third of the class who had previously demonstrated 
involvement also began to show less involvement in the lesson and exhibited 
behaviours such as quiet talking to friends and writing notes. This evidence of 
teacher and student disinterest and the associated reduction of involvement is aligned 
to the ideas shared by Trickett and Moos (2002), who state that involvement is 
dependent on the extent of student attention, participation and overall interest within 
the classroom. 
Varying levels of teacher support were observed during this lesson. Those 
students who were involved in the lesson and who appeared to have a positive 
relationship with the teacher were within the SEP. The teacher demonstrated her 
knowledge of these students and their particular learning and social needs, such as 
sitting them by themselves so they felt comfortable. Also, the teacher paid more 
attention to these students during the lesson, encouraging them to become more 
involved in the lesson which was evident in their keenness to respond to teacher 
questions and to complete set work. Those students who were not part of the SEP 
and who, in general, appeared uninterested in the lesson, received less attention from 
the teacher. This constant attention to one group of students and lack of attention to 
the other may have been a cause of the apparent split in the teacher-student 
relationships in the classroom. 
During the lesson there were few observations of affiliation as there were few 
opportunities for peer-to-peer interactions; the main interaction observed was 
between the teacher and the students in which the teacher was the instructor. Any 
peer interactions within the classroom were between friends and were off-task 
activities such as writing notes and talking. These negative behaviours were more 
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prominent in the larger group of students with whom the teacher appeared to have a 
more negative relationship. 
Thus, in summary, in this lesson the three features related to the relationship 
dimension were observed in varying degrees. Of these, involvement in the lesson 
was the most prominent feature and it appeared that student participation in the 
lesson activities corresponded to the students’ interest, the attention given by the 
teacher and the teacher’s apparent confidence in the subject matter. 
Personal development 
Trickett and Moos (2002) define the personal development dimension of 
classroom environment to be comprised of the two features of task orientation and 
competition. Task orientation was clearly evident in this lesson but only a little 
evidence of competition was observed. 
The feature of task orientation relates to the extent to which the activities 
within a lesson follow a plan (Trickett & Moos, 2002). Prior to the observed lesson, 
the teacher had prepared a brief plan of the content that was going to be taught and 
the activities that were going to be used. Though the plan was followed throughout 
most of the lesson, in the last section of the lesson the teacher was observed to leaf 
through the booklet, searching for an additional activity for the students to complete. 
At this time students’ behaviours, such as loud talking, suggested that the students 
sensed the teacher’s unpreparedness and uncertainty. In this case the last section of 
the lesson appeared to be disorganised and lacked clear task orientation and so 
negatively influenced the overall classroom environment. 
In this lesson there was no evidence of students explicitly competing with one 
another. However, whilst Fraser (1998) discussed the feature of competition with 
regard to how students compete for good grades, it can also be applied to 
participation in lesson activities. In the observed lesson the students had an 
opportunity to provide responses to the teacher’s questions, for example in the 
patterning activity. At this time the participating students were, in a sense, competing 
for the teacher’s attention and recognition. 
In summary, this lesson has provided examples of how task orientation and, to 
a lesser degree, competition can be identified by observation of a classroom. The 
lesson has also provided some tentative evidence of how task orientation and 
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competition can positively contribute to the personal development feature of the 
classroom environment. 
System maintenance and change 
Trickett and Moos (2002) define the system maintenance and change 
dimension of classroom environment to be comprised of the four features of order 
and organisation, rule clarity, teacher control, and innovation. In this lesson, 
evidence related to the features of order and organisation, rule clarity and teacher 
control was identified. The feature of innovation was not evident in this lesson. 
The order and organisation feature relates to the overall nature of a classroom, 
such as students’ manners and their willingness to complete activities (Trickett & 
Moos, 2002). The teacher appeared to be organised as the lesson began: She had the 
tests for the students, knew which students needed additional help and had an activity 
prepared for the students who finished the test before others. The “New content” 
stage of the lesson was also organised as the teacher questioned the students’ 
knowledge of operations, initiating a discussion.  
However, in the next section of the lesson the teacher appeared to be less 
prepared when introducing the concept of “equals as balance”. This was evidenced 
by her use of the test question; it took a while for her to put the question on the 
board. In addition to this, when she displayed the test question regarding balance and 
questioned the students’ responses, she was unable to explain why an answer was 
correct or provide a clear explanation. 
The feature of rule clarity emphasises creating clear and consistent rules for 
students to follow and is associated with the feature of teacher control which relates 
to the enforcement of the rules (Trickett & Moos, 2002). At the beginning of the 
lesson the teacher communicated to the students a clear expectation for the students 
to complete the test. She also clearly separated the students and requested that the 
students complete the test quietly and independently. The students initially complied 
with these requests, but as the researcher was in an alternative classroom to the 
teacher she was unsure if the teacher enforced these rules throughout the test. Within 
the observed lesson there were instances of the teacher not setting clear rules and not 
taking appropriate actions to enforce the rules when they were broken. For example, 
in the discussion few students were involved, and the remaining students were 
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talking or writing notes to one another. The teacher did not ask them to become 
involved; instead she ignored their behaviour. At this time it did not appear that the 
teacher expected the students to behave in a polite manner nor be willing to complete 
the lesson’s activities. 
In summary, this lesson has provided examples of order and organisation, rule 
clarity and teacher control. This has provided some tentative evidence with regard to 
on-task behaviour (order and organisation), which occurs when there are clear and 
enforced rules. 
4.1.3 Discussion 
During the analysis of the observed lesson the following tentative theme was 
identified regarding involvement: The teacher’s planning and preparation influenced 
student involvement. This theme is discussed in the following paragraphs. 
It is suggested that the lesson needed additional planning and that the teacher 
needed to have a deeper understanding of content, both of which were reflected in 
the teacher’s post-lesson comments. The teacher appeared to lack preparation and her 
mathematical explanations were unclear. For example, the teacher’s inability to 
explain the answer to a test question (discussed in section 5 of the lesson) suggests a 
lack of connected content knowledge. When the teacher gave unclear explanations, 
the students, specifically those with a more negative teacher-student relationship, 
appeared to show less respect for the classroom teacher. The teacher’s lack of 
preparation was also evident in the last section of the lesson when she had to plan the 
additional activity. This lesson provided evidence of how the teacher’s lack of 
preparedness in her teaching seemed to negatively influence the expectations she had 
for the students. This in turn appeared to diminish the students’ respect for the 
teacher, evidenced by off-task behaviours such as talking rather than participating in 
the learning activities. Thus, the points in the lesson where the teacher’s behaviour 
showed a lack of preparedness were also the points where students’ attentiveness and 
participation in the lesson also seemed to diminish. That is, the students appeared to 
become less willing to participate in the lesson activities when the teacher was 
unsure. 
This interaction between teacher clarity and student respect was also evident 
amongst those students with an initially positive teacher-student relationship. As the 
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teacher became apparently less confident and clear in her teaching, these students’ 
respect for the teacher also seemed to diminish, as observed in the sixth section of 
the lesson. Based on the observations of this lesson in regard to student involvement, 
or lack thereof, it is suggested that this teacher’s apparent disorganisation and poor 
planning had a negative impact on the classroom environment and resulted in a lack 
of respect shown by the students. 
The description and analysis of this first lesson has generated initial examples 
of the features of involvement, teacher support, task orientation, competition, order 
and organisation, rule clarity and teacher control. There was limited evidence of the 
affiliation or innovation features. The description of the features will be improved by 
the description and analysis of future lesson observations and coaching sessions. 
However, based on this lesson observation one relationship has already begun to 
emerge: The teacher’s apparent organisation and planning impacts the students’ 
respect for the teacher, in particular their willingness to participate in classroom 
activities. This has been tentatively attributed to the teacher knowledge of content 
and pedagogy. These ideas will be further discussed and exemplified in the following 
data collection events. 
4.2 COACHING SESSION 1 
In Lesson Observation 1, examples from the lesson were used to construct 
initial descriptions of some of the nine features of classroom environment. The 
apparent influence of teacher preparation and planning on the classroom environment 
(in particular involvement) was also proposed. Along with the developing 
descriptions of the classroom environment, this influence framed the content of this 
first coaching session. 
4.2.1 Session description 
Teacher reflection 
The coaching session began with a teacher reflection on the lesson presented in 
Lesson Observation 1. The teacher reflected that, for her, planning was not a priority 
and was “something that [she] could probably spend more time on”. The teacher also 
reflected that the students were not all involved within the class and that she was 
open to strategies that may encourage them to participate. This is evidenced by the 
 82 Mathematics knowledge for teaching and the classroom environment 
comment that “not all students participate and I would like to find a way to 
encourage all students to be involved”. 
Topical discussion 
Based on the researcher’s proposition of apparent influences on the classroom 
environment along with the teacher’s own reflections regarding planning and student 
participation, the discussions of the coaching session focused on two topics: the 
teacher’s planning, and strategies for promoting students’ involvement. These were 
discussed within the aim of positively impacting the classroom environment. 
Planning 
In her reflection, the teacher commented that planning was not her priority and 
that she felt she needed to dedicate more time to it. The teacher also acknowledged 
that the final activity in the previous lesson (as discussed in Lesson Observation 1) 
was spur of the moment and unplanned. This confirmed the observations made by 
the researcher regarding the teacher’s apparent lack of planning. The researcher 
suggested to the teacher that her planning and preparation could be improved by 
reading the module booklet to develop her knowledge of content and of the 
suggested structured sequence. The teacher acknowledged this and commented that 
she knew she should read the booklet but had not done so. 
With the purpose of helping the teacher to plan her lessons, a digital 
presentation (such as a PowerPoint) was discussed as a planning tool that could 
provide the teacher with a whole lesson structure. It was discussed that the creation 
of such a presentation would require more time that the teacher’s normal approach to 
planning but that it could provide both the teacher and the students with a clearer 
understanding of the lesson structure and thereby potentially instil greater student 
confidence in the teacher. The teacher commented that she was going to implement 
this lesson-planning strategy. 
Student involvement 
Strategies to promote student involvement were also discussed in the coaching 
session. The teacher comment that “not all students participate” aligns to the 
observations made in Lesson Observation 1. The teacher and researcher had the same 
goal to increase student involvement, evidenced by the teacher’s comment that she 
“would like to find a way to encourage all students to be involved”. In order to 
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increase involvement within the classroom two interventions were discussed. The use 
of a digital presentation was suggested as a way to promote teacher control, lesson 
structure and student involvement (see Appendix A). Secondly, the use of a 
structured launch activity was suggested by the researcher as a tool to settle the 
students at the beginning of the lesson (see Appendix B). Prior to this no such routine 
introductory activity had been used. These activities were discussed as ways to 
manage the classroom and to organise the content and the pedagogy as well as to 
focus students’ learning so as to increase positive behaviour and involvement within 
the lesson. The teacher responded positively to these suggestions and decided to 
implement them in her classroom. 
4.2.2 Analysis 
This analysis is organised using the three dimensions of classroom 
environment. This analysis aligns aspects of the discussions during the coaching 
sessions to the features of classroom environment. In some cases these discussions 
confirm the observations made during Lesson Observation 1 and so contribute to 
extension of the descriptions of the classroom features. In other cases, analysis of the 
discussions in terms of the features of classroom environment suggests modifications 
to teaching practice may potentially influence the classroom environment. 
Relationship 
With regard to the relationship dimension, the discussion focused on increasing 
student involvement and did not include the features of affiliation or teacher support. 
The classroom teacher highlighted a lack of involvement in the classroom. Based on 
Lesson Observation 1 it was suggested that the students’ perception of the teacher’s 
planning and preparation, including her understanding of the content, related to the 
respect shown by the students. This in turn corresponded to their participation in the 
lesson. Adoption of the digital presentation and the launch activity was an 
opportunity to see increased involvement. The launch activity was discussed as 
having the potential to encourage students to participate in the initial stage of the 
lesson due to the simplistic, revision nature of the launch activity’s questions. This 
has provided further evidence of the involvement feature in the classroom.  
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Personal development 
With regard to the personal development dimension, in the first coaching 
session the feature of task orientation was discussed with no discussion of the 
competition feature. Both the digital presentation and the launch activity were 
discussed in terms of focusing the students’ attention; that is, to increase the task 
orientation of the lesson. The launch activity was discussed in terms of its potential 
to increase task orientation by clearly defining a task to be completed in an allocated 
time. The digital presentation was discussed in terms of providing a clear lesson 
structure that would be evident to the students. Both suggestions had the potential to 
positively influence task orientation and therefore the classroom environment. In this 
coaching session the researcher and teacher aimed to increase involvement, and this 
in turn could increase task orientation through the use of the launch activity and 
digital presentation. The impact of these strategies on the classroom environment 
will be considered in future lesson observations and coaching sessions. 
System maintenance and change 
In this coaching session, the discussions related to the features of order and 
organisation and innovation. The discussions did not provide any evidence directly 
related to the features of rule clarity and teacher control. 
Underpinning the development of the digital presentation is the teacher’s 
knowledge of content and pedagogy. Based on the unclear order and organisation 
witnessed in Lesson Observation 1 and the teacher’s reflection in relation to her lack 
of planning, it was suggested that the teacher may need to improve her knowledge of 
mathematical content and of appropriate pedagogical strategies. Thus, the coaching 
session highlighted how content and pedagogical knowledge can influence the 
classroom environment. 
The suggestion of the launch activity represented a pedagogical innovation, 
since the teacher had not used such a consistent introductory activity for this class 
before. The creation of the digital presentation is also a pedagogical innovation that 
may help develop the teacher’s understanding of the RAMR pedagogy (a 
pedagogical innovation in itself). These innovations have the potential to increase the 
positive nature of the classroom environment and this should be considered in future 
lesson observations and coaching sessions. 
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In summary, it was suggested in this coaching session that the features of order 
and organisation and innovation might increase through the use of the launch activity 
and the digital presentation. In doing so, the classroom environment may become 
more positive. 
4.2.3 Discussion 
In the discussion of Lesson Observation 1, the lack of organisation and 
planning was attributed to the teacher’s possible lack of content and pedagogical 
knowledge. This coaching session provided some confirmation of this and built on 
the observations made regarding the influence of planning and preparation on the 
classroom environment. The ideas discussed within this coaching session focused on 
the teacher developing her knowledge of content and pedagogy to improve her 
planning and subsequently increase student involvement within the classroom. 
Developing her knowledge and reflecting this through the use of the launch activity 
and the digital presentation (both tools that have not been used before by the teacher) 
could help provide students with a clearer, task-oriented structure to the lesson, 
which may have a positive impact on involvement. The analysis has also elaborated 
potential ways in which the pedagogical strategies may positively influence several 
of the features of the classroom environment. These influences on classroom 
environment will be further explored in future lesson observations and coaching 
sessions. 
4.3 LESSON OBSERVATION 2 
It was suggested in Lesson Observation 1 and confirmed in Coaching Session 1 
that the planning and preparation of the teacher appeared to impact upon the features 
of involvement and order and organisation. It was also suggested in Coaching 
Session 1 that this might be influenced by the teacher’s level of content and 
pedagogical knowledge. As a result of this, suggestions were made to improve the 
teacher’s pedagogical and content knowledge, which through planning and 
preparation may additionally influence student involvement. These relationships are 
further explored in this second lesson observation.  
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4.3.1 Lesson description 
Lesson plan 
Based on the discussion during Coaching Session 1 it was assumed by the 
researcher that the teacher would begin the lesson with a launch activity. Prior to the 
lesson the teacher did not provide any more information regarding the planning or 
sequencing of the lesson. 
Lesson account 
The content within this lesson was based on content from the Unit 1 RAMR 
cycles in Module O1: “The role of equals” (RAMR Cycle A), and “Experiencing and 
recording change” (RAMR Cycle B). This lesson occurred one week after the 
previous observation and coaching sessions. The lesson was composed of six 
sections: (1) setting up the lesson, (2) use of a launch activity, (3) introduction of the 
“equals as balance” concept, (4) introduction of the “identification of change” 
concept, (5) use of a “Celebrity Heads” style hands-on activity, and (6) a concluding 
activity. Each of these sections is discussed sequentially in the following paragraphs.  
1. Setting up the lesson 
As the students and the teacher entered the room, the teacher asked the students 
to sit in a seating plan. In this seating plan the students with a negative teacher-
student relationship (as observed during Observation 1) were seated mostly at the 
back of the room, while those with a positive teacher-student relationship sat at the 
front of the room. This seating plan was similar to the arrangement that students sat 
in prior to the plan being introduced. Students with additional needs were seated 
closer to the front, specifically two students who had an Intellectual Impairment. 
Once each student was sitting in their assigned seat the teacher asked the students to 
get their mathematics notebooks out before introducing a launch activity. 
2. Launch activity 
The launch activity was based on number patterns and required the students to 
continue a pattern and to find the positional and sequential rules. The teacher wrote 
the activity on the board and then asked students to complete it. This activity is 
summarised in Figure 4.2. This activity was not the launch activity that the teacher 
and researcher discussed in Coaching Session 1. 
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Continue the following pattern: 
7, 14, ___, ___, ___, … 
What is the sequential rule? 
What is the positional rule? 
Figure 4.2. Lesson Observation 2: Launch activity. 
Most of the students in the class began the activity by copying the patterning 
question into their notebooks; however, many of them did not complete the activity. 
There were multiple possible continuations of this pattern, for example, 7, 14, 21, 28, 
35; or 7, 14, 28, 56, 112. The teacher did not follow up on the progress or attempt 
rate of all students for this activity, and provided only one generalisation of the 
pattern: 7, 14, 21, 28, 35. The researcher observed that those students who did not 
complete the activity did not draw attention to themselves (e.g., did not participate in 
classroom discussion). In this activity, whole-class involvement was minimal; 
instead, the classroom conversation was between the teacher and the students who 
have been classified as having a positive teacher-student relationship. After the 
completion of the launch activity, the teacher moved on to the content phase of the 
lesson. 
3. “Equals as balance” concept 
To begin the RAMR cycle of “equals as balance”, the teacher and students 
discussed balance in reality. The teacher gave one example of balance in reality (the 
size of Australia balances the size of China), and then asked students to create their 
own examples. As these examples were created and discussed by students, the 
classroom teacher wrote them into a table on the whiteboard, as presented in Figure 
4.3.  
Balance 
Size of Australia Size of China 
Distance from the school to the 
primary school 
Distance from Southbank to the 
City 
Walk from F-Block to the Oval Walk from C-Block to H-Block 
Figure 4.3. Lesson Observation 2: Balance in reality. 
It was observed that the majority of students who participated in this discussion 
were sitting at the front of the room, and were a similar group to those students who 
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were involved in section 2 of this lesson. The remainder of the class were not sharing 
as many suggestions, but at the same time were not distracting other students  
4. “Identification of change” concept 
The discussion on “equals as balance” was then extended into the 
“identification of change”. This content drew from the second RAMR cycle within 
Unit 1. To begin the discussion, the classroom teacher provided an example of 
unnumbered change in reality (curly hair becoming straight hair) and asked the 
students to identify the change that occurred. This was then written into an input-
output table, depicted within section (a) of Figure 4.4. The students were then given 
the opportunity to think of their own changes in reality, and through class discussion 
these were also recorded in the input-output table (section (b) of Figure 4.4). All 
students were looking at and listening to the teacher, and appeared keen to share their 
own ideas of changes in reality. They did so by putting up their hand and sharing 
their ideas.  
 Input Change Output 
(a) Curly hair Straightener Straight hair 
(b) 
Coke Add Ice-cream Coke Spider 
Chocolate Melt it Melted chocolate 
(c) 7 + 1 ? 
Figure 4.4. Lesson Observation 2: Input-change-output in reality. 
The teacher then instructed the students to draw up a similar table in their 
notebooks and create a series of unnumbered changes that happen in their personal 
reality. Students were permitted to work in pairs for this activity. It was observed by 
the researcher that all students participated in this discussion with their peers by 
providing examples of their own inputs, changes and outputs. The classroom teacher 
ensured all students had written some examples of unnumbered change by checking 
student books before moving the lesson on. 
The teacher continued the “identification of change” concept by explaining that 
numbers can also be used in this situation. She provided an example of such 
numbered change and added it to the list of examples on the whiteboard, as shown in 
section (c) of Figure 4.4. The classroom teacher asked the student to read the 
problem aloud. Most students were able to solve the problem “7 + 1 = ?”. 
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5. “Celebrity Heads” activity 
The teacher then began a hands-on activity using the concept of “identification 
of change”. The essence of this activity was a “Celebrity Heads” style body activity. 
This activity was described in the module booklet which suggested that students 
could be given a number (unknown to the student) within a change relationship. The 
student could then ask their peers questions to deduce the value. The students 
became excited and keen to participate upon hearing that they were going to play a 
game. It was observed once the teacher began the game that she was not able to 
correctly describe the rules. For example, the teacher was using unnumbered values 
when the activity was intended to be used with numbered values. Three students 
were selected, and each was given an unnumbered value. The three students were not 
able to ask the class adequate questions to determine their value, the classroom 
teacher had difficulty giving them a strategy to ask questions, and students became 
uninvolved (i.e., demonstrating behaviours such as chatting and note writing). All 
students were exhibiting these behaviours, causing whole-class disruption. The 
teacher leafed through the module booklet, appearing as though she was trying to 
find more information on the activity. At this stage, the level of disruptive behaviour 
had escalated and the classroom was quite noisy.  
6. Concluding activity 
The teacher then quickly moved students on to a written concluding activity 
involving an input-output table. The classroom teacher drew a table on the board, 
inserted numbered inputs and outputs, and asked students to determine the unknown 
change. Students were required to copy this down and complete the table. The 
teacher then moved around the room ensuring all students had copied down the 
activity. The teacher questioned students individually with regard to their 
understanding of the activity, for example, “Can you explain the activity to me?”. 
The teacher made it clear to the students that any work that was not completed in 
class would be set as homework. Not all students completed the task and some began 
to chat with each other. This activity concluded the lesson. 
Post-lesson reflection 
After the lesson the classroom teacher commented very briefly that the 
“students do not behave well when participating in interactive activities or games”. 
She indicated that although she was happy that she attempted the activity, she 
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believed that she needed to have much more of an understanding of how the game 
worked before using it in the lesson.  
4.3.2 Analysis 
As with the previous lesson observation, the following description of the 
classroom environment has been split into the three dimensions outlined by Trickett 
and Moos (2002). 
Relationship 
In the following paragraphs the relationship features of involvement, affiliation 
and teacher support are discussed, drawing on examples from the observed lesson.  
The seating plan that was used by the teacher created some support for 
students. Those students who were within the SEP unit were seated so additional 
teacher support was easy to provide. This resulted in the students with a negative 
teacher-student relationship being seated at the back of the room and so limiting the 
teacher support they received.  
During Coaching Session 1 it was suggested by the researcher that a structured 
launch activity could prompt the students’ initial involvement in the lesson. In that 
coaching session, a particular format of launch activity was discussed with the 
teacher, however this was not the launch activity used in the observed lesson. The 
activity the teacher used required students to complete the activity by writing in their 
notebooks. Many students were not participating in the written task and both students 
and teacher showed little excitement and enjoyment throughout the activity. Further, 
the launch activity may not have provided a cognitive challenge as the answers were 
simply told and not discussed. Involvement remained low in this activity. 
Whole class discussion was used during the content stage of the lesson (i.e., the 
construction of reality-based examples of balance and change). This activity 
provided an opportunity for the development of affiliation: Students shared their 
opinions with the class and participated in the learning. All students were watching 
the teacher, appeared to be listening to questions and the discussion, and seemed 
keen to provide their own opinions. This section of the lesson demonstrated a high 
level of involvement within the lesson. Gorard and See (2011) suggest that students 
find more practical approaches to education more enjoyable, including the use of 
discussion and active role-playing activities. Such activities provide a direct link to a 
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students’ reality and provide students with opportunities to share opinions with one 
another about how the lesson may impact their life, and so demonstrate affiliation. 
This is characteristic of the RAMR cycle (i.e., the central pedagogy of the curriculum 
project) and was attempted by the teacher.  
In the “equals as balance” and “identification of change” sections of the lesson, 
affiliation was observed through peer collaboration. In pairs, students described 
situations in which change was used in reality, and shared these with the class. This 
collaboration appeared to contribute to the development of positive relationships. 
Working in pairs allowed students to be more academically successful than they 
might when working individually, and so encouraged the involvement of all students. 
In summary, teacher support was influenced by the seating plan, involvement 
increased through the use of the launch activity, and the pedagogical strategies used 
increased affiliation.  
Personal development 
Task orientation requires a teacher to have knowledge of an activity pedagogy 
and the content it is teaching. Following the reality-based activity, the “celebrity 
head” style mathematical game was attempted. Though this initially prompted 
involvement, evident through student comments regarding their keenness to play a 
game, the teacher’s lack of understanding of the pedagogy caused the purpose and 
organisation of the activity to become unclear. This lack of task orientation was 
evident through the teacher’s reference to the module booklet in section 5 of the 
lesson, and the time it took for the teacher to organise the students into the activity. 
This activity had the promise of student involvement, which was initially evident, but 
the activity’s downfall may have been the teacher’s lack of understanding of the 
activity and its link to the mathematical content, demonstrating lack of task 
orientation. In summary, task orientation was minimal in the “Celebrity Heads” 
activity due to the teacher’s self-reported lack of adequate knowledge.  
System maintenance and change 
In this lesson observation two features of the system maintenance and change 
dimension were evident: order and organisation and innovation. 
Varying levels of the order and organisation feature were observed during the 
lesson. When the teacher was clear with her order and organisation (e.g., in the 
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“identification of change” activity), students were observed to be listening to the 
teacher, watching the teacher, and putting up their hand when they wanted to share 
their opinion. When the teacher was not clear (e.g., in the “Celebrity Heads” activity) 
students began to show signs of disorder.  
The RAMR pedagogy was a new innovative pedagogy for the teacher. In this 
observation, the teacher used the reality activities from two RAMR cycles (RAMR 
Cycle A and RAMR Cycle B) before further exploring RAMR Cycle B with no 
additional reference to RAMR Cycle A. In doing this, the teacher skimmed over the 
mathematical content of the first cycle and so deviated from the suggested structured 
sequence. The teacher’s use of the innovation of the RAMR cycle was not as 
designed and described in the module booklet. 
The above examples have provided further evidence of the order and 
organisation and innovation features in the classroom. 
4.3.3 Discussion 
During this lesson the tentative theme regarding planning and preparation was 
built upon to include the observation of unclear instructions that led to decreased 
student involvement. A new theme has also emerged from this lesson: the 
pedagogical strategy of reality-based instruction was associated with increased 
student involvement. Each of these ideas is discussed in the following paragraphs. 
In this lesson observation unclear pedagogical strategies may have led to 
decreased student participation. It was discussed in Coaching Session 1 that the 
teacher needed to develop her planning and organisational skills, and it was 
highlighted that the teacher’s knowledge of connected content might have some 
influence on the classroom environment. During this lesson the teacher attempted to 
encourage involvement by using a “Celebrity Heads” style activity to actively 
represent the concepts highlighted in the discussion. In this situation, the teacher had 
an understanding of the content (demonstrated within the discussion activities 
presented in section 4.3.1), but the teacher seemed to have limited pedagogical 
knowledge and may have been unable to link the content to the pedagogy. She gave 
unclear instructions which resulted in disruptive student behaviours and may have 
led to a loss of the student respect gained during the previous activity (i.e., sections 3 
and 4 of the lesson). Based on this evidence, the theme identified in Lesson 
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Observation 1 that connected content and pedagogy has a significant impact on the 
teacher planning and preparation, and further the classroom environment, has been 
built upon. 
During Lesson Observation 2 the teacher effectively used the reality phase of 
the RAMR cycle by linking mathematics to the real world. Despite her apparent 
unclear knowledge of the content and RAMR pedagogy, the use of this innovation 
involved the class in a discussion, in which most students participated. A similar 
strategy was used when discussing change in reality, but in this case the teacher 
allowed the students to work collaboratively to think of ideas. Both methods of 
identifying mathematics in reality increased students’ involvement and provided 
opportunities to develop affiliation. This in turn created a more positive relationship 
and respect between the teacher and the students. From these examples, it is 
suggested that reality-based pedagogical activities have a positive influence on the 
classroom environment. 
In this discussion two relationships were presented. The first idea built upon 
the theme that planning and preparation influenced the classroom environment. The 
second idea was that reality-based instruction increased student participation. Both of 
these relationships may be linked back to the teacher’s knowledge; in particular, her 
knowledge of content and its relevance to her students and her knowledge of 
engaging teaching strategies. When the teacher was clear (based on sound content 
knowledge and pedagogical knowledge) the students were involved, but when she 
was unclear (because of poor connections between content knowledge and 
pedagogical knowledge) involvement appeared to be reduced.  
4.4 COACHING SESSION 2 
In Coaching Session 1 and Lesson Observation 2 it was identified that planning 
and preparation had some influence on the classroom environment, which itself may 
be influenced by the teacher’s knowledge of content and pedagogy. It was also 
discussed in Lesson Observation 2 that pedagogical strategies can have an impact on 
the classroom environment. Thus, in this coaching session two topics were discussed 
in detail: (a) the teacher’s knowledge of the structured sequence and in turn 
knowledge of content and pedagogy, and (b) use of pedagogical tools to increase 
student involvement. 
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4.4.1 Session description 
Teacher reflection 
The teacher began her reflection on the second observed lesson by stating that 
she “knew she was not meant to move on to symbols straight away but [she] did 
anyway because it was easier”. This comment was made in reference to non-
symbolic representations used in the input-output table; that is, working with 
symbols was easier for the teacher than working with unnumbered representations. It 
is identified in the module booklet that the use of unnumbered representations is a 
significant focus of the “equals as balance” and “identification of change” RAMR 
cycles within the curriculum. The teacher also commented that she skipped most of 
RAMR Cycle A “The role of equals” because she thought the “students understood 
the content and symbols are easier to teach”. The teacher also reflected that she had 
difficulty teaching with the “Celebrity Heads” activity, as she was not confident in 
her knowledge of the activity. She commented that this was partly because she had 
difficulty understanding the sequence and formatting of the module booklet.  
Topical discussion 
Within this coaching session two discussion points were identified and the 
teacher and researcher collaborated to address the issues raised with the aim of 
positively impacting the classroom environment. 
The structured sequence 
It was revealed within the reflection that the teacher consciously moved away 
from the suggested structured sequence as she believed that the students knew the 
content and that it was easier to move on to symbolic representations, evidenced by 
the comment: “students understood the content and symbols are easier to teach”. The 
researcher prompted the teacher to follow the structured sequence, and reiterated its 
importance within the larger curriculum project. It was highlighted to the teacher that 
using varying representations of content (e.g., stories, concrete manipulatives, 
varying models) could be beneficial to the students as it allows mathematical 
flexibility.  
The teacher also commented that she had difficulty understanding the module 
booklet itself, that is, the format, the wording, and the level of detail. The teacher 
said she found the booklet “overwhelming” and that she “struggled” to understand 
some of the terminology used. For example, the teacher commented that she did not 
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understand the term symbolic equation and was unsure if this “included unknowns, 
numbers and operations”. It was highlighted to the teacher that any problems in 
content or pedagogy could be discussed with the researcher verbally at coaching 
sessions or via email. 
Tools to increase involvement 
As was identified and discussed in Lesson Observation 1 and Coaching Session 
1, there was a lack of involvement by students in the first lesson. This was also 
evident in the latter parts of the second lesson observation. During the first coaching 
session the teacher and researcher discussed the use of two different tools (the launch 
activity and the digital presentation) that could increase the involvement. Neither of 
these activities had been implemented in the manner discussed in Coaching Session 
1. The teacher said she had not planned adequately and so was unable to incorporate 
these activities in her lesson.  
It was suggested by the researcher that the teacher could focus on planning the 
lesson, and the researcher could create the structured launch activity. This activity 
was to be provided to the teacher prior to the next lesson, which would give the 
teacher the opportunity to review the content of the activity before it was used. This 
tool was chosen in preference to the digital presentation, as it did not require constant 
communication and collaboration between the teacher and the researcher. In addition 
to the activity itself, the researcher provided the teacher with a database with which 
to record student marks, which could be displayed using a graph. This would provide 
the teacher and the students with a visual representation of their achievement. The 
classroom teacher was keen for the researcher to create the launch activities for the 
remainder of the term. The launch activities for the remaining weeks of Term 3 are 
presented within Appendix C. 
4.4.2 Analysis 
The following analysis of Coaching Session 2 has been split into the three 
dimensions of classroom environment (Trickett & Moos, 2002).  
Relationship 
In this coaching session the relationship feature of involvement was evident in 
the discussion. The relationship features of affiliation and teacher support were not 
evident in this coaching session. The teacher commented in Coaching Session 1 that 
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the students were not all involved in learning. In that coaching session strategies that 
might potentially increase involvement were discussed, but in Lesson Observation 2 
they were not executed in a manner that resulted in increased involvement. The 
researcher offered to develop a structured launch activity for each lesson, with the 
aim of increasing students’ involvement. It was discussed that this activity could 
have the potential to provide structure to the lessons by giving students the same 
style of activity each lesson, as well as revision of content. Strategies to increase 
involvement were discussed in this coaching session, further developing an 
understanding of how involvement might be increased in this particular classroom. 
Personal development 
The personal development features of task orientation and competition were 
both evident in this coaching session. 
Following a plan for a lesson requires the teacher to have formulated a plan. 
This was something the classroom teacher commented that she had difficulty with, as 
she found it “hard to make time to plan”. The teacher and researcher discussed the 
necessity to develop the structure of content within planning using the pedagogy of 
the launch activity, which would lead to a more structured learning environment for 
the students. This in turn could lead to an increase in the feature of task orientation.  
The launch activity could also lead to competition in the classroom if 
comparison of results occurred at the end of the lesson through a visual 
representation of the students’ achievement. Students may begin to become 
competitive and try to beat their peers’ scores. Competition may be evident in the 
next lesson observation. 
System maintenance and change 
The system maintenance and change features that were evident in this coaching 
session were rule clarity and innovation. 
The classroom teacher commented that by using the launch activity she would 
set behavioural expectations within the classroom to settle the students, that is, 
demonstrate rule clarity. The teacher planned to write these rules on the whiteboard 
as well as verbalise them to the students in order to provide clear expectations. In 
creating rules for the launch activity, the teacher would also need to define 
consequences for infringing these rules. It was previously identified that there were 
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few clear rules within the classroom, and students may not be sure of what is 
considered good or bad behaviour. It has also been discussed that rules are an 
essential part of the classroom (McInerney & McInerney, 2006). 
The teacher has had difficulty in the implementation of the innovative RAMR 
pedagogy (as observed within Lesson Observation 1 and Lesson Observation 2), and 
has not followed the structured sequence. Through discussion with the classroom 
teacher it became evident that there was some uncertainty with regard to the content 
of the curriculum project, as well as difficulty in understanding the terminology used 
within the module booklets. This explained her apparent uncertainty using the 
curriculum innovation It was suggested to the teacher that in order to develop a 
sound understanding of the curriculum and associated pedagogy the teacher needs to 
read the O1 Module booklet, draw upon the support offered by the researcher, take 
time to understand the structure of the new RAMR pedagogy, and plan accordingly.  
In summary, the teacher aims to demonstrate rule clarity through the 
delineation of clear expectations, and it was suggested that the teacher increase her 
knowledge of the project’s curriculum and its associated pedagogy. 
4.4.3 Discussion 
Two tentative themes have so far emerged from the data and its analysis, the 
first being the influence of planning and preparation on the classroom environment, 
which is itself impacted by the teacher’s knowledge (Coaching Session 1 and Lesson 
Observation 2); and the second being pedagogical tools that could be used in the 
classroom (Lesson Observation 2). Each of these is further discussed in the following 
paragraph in relation to the evidence gathered during Coaching Session 2.  
It was discussed that planning according to the structured sequence of the 
curriculum project using the RAMR cycle has been difficult for the teacher and has 
not been a priority, which has highlighted her limited knowledge of the curriculum 
and associated pedagogy. The teacher also demonstrated limited knowledge of 
content, as she was unable to understand some of the terminology in the module 
booklet, and therefore had difficulty planning. Development of her content 
knowledge could result in better planning which in turn could increase classroom 
order and organisation and involvement, develop more positive relationships and 
improve the overall classroom environment. In Lesson Observation 2 it was 
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identified that using a reality-based activity showed increased innovation. To build 
upon this, the launch activity was developed to give students initial success in the 
classroom and to promote increased involvement. In addition, it was suggested that 
presenting student results at the end of the lesson could also promote competition and 
involvement. 
Two themes that were previously proposed have been extended based on this 
coaching session. In the following data gathering events the impact of the launch 
activity and its influence on the classroom environment with regard to these two 
themes will be further explored. 
4.5 COACHING SESSION 3 
In Coaching Session 2 the implementation of the launch activity was suggested 
to increase involvement. It was also suggested in Coaching Session 2, and in 
previous data gathering events, that the teacher’s planning and preparation, which in 
turn appears to be influenced by the teacher’s knowledge, may influence the 
classroom environment. Hence, in this coaching session the launch activity and the 
teacher’s planning were discussed.  
4.5.1 Session description 
Teacher reflection 
The teacher coaching session began with the teacher’s reflection regarding the 
use of the launch activity (a revision activity used to settle the students into the 
classroom). As the researcher had not observed the classroom when the launch 
activity was first used, the teacher reflection provided the researcher with insights 
regarding the activity. The teacher provided very positive comments about the launch 
activity, specifically noting that the students showed high levels of participation, 
were attentive when completing the task and were excited to see their compared 
results. The teacher suggested that the launch activity gave the students an 
opportunity to settle into the classroom and this positively impacted upon their 
behaviour for the remainder of the lesson. The teacher was keen to continue using the 
launch activity.  
Topical discussion 
The discussion point for this coaching session was to further support the 
teacher’s planning in regard to the structured sequence and the use of the RAMR 
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pedagogy. In Coaching Session 2 it was discussed that the teacher had difficulty with 
the format of the module booklets and that she required additional assistance to 
develop a comprehensive understanding of the curriculum and its associated 
pedagogy. As the teacher was struggling with the RAMR pedagogy and the 
structured sequence, in this coaching session the researcher took the opportunity to 
collaboratively work through a relevant RAMR cycle with the teacher. In doing so, 
the researcher explained the relevant mathematical and pedagogical concepts 
(including the phases of RAMR) and, together with the teacher, designed a lesson 
plan and associated classroom resources. It was recommended that the teacher 
continue to follow the RAMR cycle and the activities outlined by the curriculum 
project. A more detailed description of the RAMR cycle discussion is presented 
within Appendix D. 
4.5.2 Analysis 
The following three sections analyse Coaching Session 3 in terms of the 
classroom environment features of relationship, personal development and system 
maintenance and change. 
Relationship 
During the reflection the teacher commented that the launch activity was 
highly beneficial. The teacher noted that there was increased involvement within the 
initial stages of the lesson, which carried through to the remainder of the lesson. In 
addition to the launch activity, involvement was also discussed with regard to the 
RAMR cycle. When planning for future lessons, the teacher was encouraged by the 
researcher to use hands-on and engaging activities to teach content through the use of 
the RAMR cycle, as this is part of the philosophy of the curriculum project. By 
taking the students’ realities into account, there is potential for increased 
involvement. This effect on involvement will be looked for during the next lesson 
(Lesson Observation 3).  
Personal development 
Within previous lessons, observations of competition were limited. In the 
previous coaching session it was identified that the launch activity may have some 
influence on competition. By implementing the launch activity and providing 
students with their results, the teacher allowed students the opportunity to see their 
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gradual performance throughout the launch activity, as well as their performance 
compared to the remainder of the class. This facilitates student competition. The 
teacher commented that the students particularly enjoyed tracking their own 
achievement, just as much as competition with peers, and that this has the potential 
to encourage students to achieve their best. The use of the launch activity provided 
students with competition in the classroom, and will be considered in the next lesson 
observation.  
System maintenance and change 
The system maintenance and change features of teacher control and innovation 
are discussed in the following paragraphs.  
During this coaching session the teacher reported that she developed teacher 
control in the classroom. This could be attributed to rule clarity through both visual 
and verbal displays of rules. Teacher control will be observed further in the next 
lesson observation. 
In this coaching session the researcher discussed a relevant RAMR cycle in 
detail with the classroom teacher in order to further develop the teacher’s knowledge 
of the curriculum, in particular the structured sequence and its pedagogical 
application in the classroom. The teacher was encouraged to develop an 
understanding of the content she was teaching, and the pedagogy with which to 
teach. The teacher actively participated in the discussion of the RAMR cycle, and 
made notes throughout regarding what to include in her plan. The teacher 
commented on how the sequence was structured; for example, the progression from 
representing a relationship using a balance feature and then a symbolic equation. The 
teacher showed interest in the discussion of how activities could be used, thereby 
showing development in her knowledge of the curriculum and associated pedagogy. 
This development of knowledge has the potential to positively impact upon the 
feature of order and organisation in the classroom. 
This analysis has provided further evidence of the features of teacher control 
and innovation, and how they may be observed in the classroom during future 
lessons. 
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4.5.3 Discussion 
So far, two themes have been tentatively established: (a) planning and 
preparation, which is influenced by teacher knowledge, influences the classroom 
environment; and (b) reality-based pedagogical tools can increase involvement. 
The teacher and researcher discussed planning during the coaching session. It 
was identified in Lesson Observation 2 and Coaching Sessions 1 and 2 that the 
teacher was having some difficulty with her content knowledge and making sense of 
the module booklet. By stepping through a RAMR cycle in the module booklet, 
support was provided to the teacher with the aim of developing her knowledge of the 
curriculum and the content. During this discussion it became apparent that the 
teacher was unable to connect mathematical ideas without additional researcher help. 
This highlighted her limited knowledge of connections between mathematical ideas, 
which may impact her teaching of mathematics in future lessons. This potential lack 
of knowledge may negatively impact upon the students’ respect for the teacher (as 
was observed in the first lesson).  
The use of pedagogical tools to increase involvement was established in the 
teacher’s reflection of the launch activity, as well as the discussion of the RAMR 
cycle. The teacher reflected that the launch activity was considered as a beneficial 
activity that increased and maintained student involvement in the lesson. The 
ongoing use of the launch activity may continue to increase involvement and so 
positively influence the classroom environment. The RAMR cycle discussion 
emphasised that linking activities to the students’ reality is a major aspect of the 
philosophy underpinning the curriculum project. The researcher discussed various 
activities with the teacher, as highlighted in section 4.5.1, and encouraged the teacher 
to make links to the students’ reality. It was established in Lesson Observation 2 that 
a link to reality developed involvement, providing another reason why use of reality 
examples was encouraged.  
In this coaching session the two themes of pedagogy and of planning and 
preparation influencing the classroom environment were further explored and 
additional evidence was discussed. The theme of classroom pedagogy influencing the 
classroom environment will be a focus in the next lesson observation. 
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4.6 LESSON OBSERVATION 3 
In previous data gathering events the themes that have emerged are that the 
teacher’s planning and preparation may have a significant influence on the classroom 
environment and that, in order to plan, sound teacher content and pedagogical 
knowledge are required. It was noted that the teacher seemed to have weak 
knowledge of connections between mathematical ideas and associated pedagogy and 
was not able to plan well. With regard to pedagogy, it has also been noted that 
pedagogical strategies which are relevant to the students are more engaging. In this 
lesson observation these pedagogy-related themes are explored further. 
4.6.1 Lesson description 
Lesson plan 
In Coaching Session 3 the researcher worked with the teacher to unpack one 
RAMR cycle. The teacher commented at the start of the lesson that she was using a 
similar plan as developed in the coaching session, but instead of using the array 
model to explore addition the teacher was going to focus on the number-line model.  
Lesson account 
The lesson had six sections: (1) setting up the lesson, (2) the launch activity, 
(3) small-number addition concept, (4) thinkboard, (5) concluding activity, and (6) 
launch activity results. 
1. Setting up the lesson 
Similarly to previous lessons, the students remained outside the classroom until 
the teacher allowed them to walk inside. The teacher asked the students to get out 
their notebooks and pencil cases while she began to introduce the first activity. 
2. Launch activity 
To begin the lesson, the teacher used the structured launch activity to settle the 
students. The content of the activity is depicted within Figure 4.5, in which the 
answers are provided in bold italics (in class the students saw these as blank spaces). 
The teacher provided a clear outline of what she expected from the students both 
visually and verbally (i.e., instructions and expectations written on board as well as 
verbal reinforcement). All students completed the activity in the allotted time. 
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Figure 4.5. Lesson Observation 3: Launch activity. 
3. Small-number addition concept 
Once all students had handed the launch activity in to the teacher, the second 
phase of the lesson began. The teacher began by writing the goal for the lesson on the 
board: Develop small-number addition understandings using the number line. The 
teacher created the following reality-based addition stories with the class by asking 
the students to give her the name, action and numbers of the story: “Jason walked 5 
steps, and then 7 steps more. How many steps did he take?” The teacher then asked 
the students how they could solve that problem. One student said, “You could start 
with 5, and then count 7 more steps.” The teacher identified this as counting on and 
then physically demonstrated this to the students, beginning with 5 steps and walking 
out 7 more steps. 
A student, Rob, with Autistic Spectrum Disorder, chose not to watch the 
physical enactment of the problem. He calculated his answer, apparently using some 
form of mental computation strategy, and was adamant that the answer was 11 steps. 
The teacher questioned why this was the answer, and Rob counted 5 on from 7 to 
find that he was incorrect. The teacher then showed this problem using the number-
line model, as seen in Figure 4.6, so Rob and the remainder of the class were able to 
see the solution to the problem using an iconic representation. The teacher 
commented to the students that using the number line is a good strategy to use if you 
are not sure of an answer. 
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Figure 4.6. Lesson Observation 3: Number-line example for small-number addition. 
The students were then asked to create a variety of different addition stories 
that could be physically acted out, such as eating, drinking, walking, and running, 
and these were written on the board. The teacher encouraged the students to base 
their stories on their own personal realities. 
4. Thinkboard 
The teacher then introduced a thinkboard using the IWB, as depicted in Figure 
4.7. A thinkboard is a rectangle divided into five spaces providing areas for students 
to show different representations of a mathematical idea. It can be applied to any of 
the four operations, and the example given in Figure 4.7 demonstrates addition.  
 
Figure 4.7. Lesson Observation 3: Thinkboard example from O1 Module: Additive Operations (p. 
24). 
The teacher explained that in each different space of the thinkboard a different 
representation of an addition story could be given, and that these representations 
could include a story, language, a model, a picture, and symbols. After explaining 
this to the students, the teacher handed each student a blank thinkboard. She asked 
the students to choose a story from the whiteboard and represent it in as many ways 
as they could, using the five headings as a guide. 
As the students worked on their individual thinkboards, the teacher walked 
around the classroom ensuring that each student was participating. Students were not 
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working in silence, but were collaborating with each other while completing their 
work. At this time the researcher worked with students in the class who asked for 
help. 
5. Concluding activity 
While the class was completing the thinkboard activity, the teacher had written 
the concluding mathematics activity on the board: practice of addition sums. These 
sums moved from simple, single-digit sums to larger-number sums. When students 
finished their thinkboards, they were required to work through these sums. Any 
unfinished sums were assigned as homework. 
6. Launch activity results 
When there was approximately ten minutes left in the lesson the teacher asked 
the students to stop work and to look at the IWB. Displayed on the IWB were the 
results from the launch activity. It was observed that the majority of students were 
excited to see their results and compared them to one another and to their previous 
scores. This concluded the lesson. 
Post-lesson reflection 
After this lesson the teacher commented that there was improvement in 
classroom involvement and she wanted this to continue in the future. The teacher 
also commented that in the last 10 minutes or so of the lesson she did not expect 
students to completely involve themselves in learning and behave appropriately, and 
felt that this was time when the students could complete their work, discuss their 
launch activity results and relax.  
4.6.2 Analysis 
The following analysis of the lesson in term of the classroom environment has 
again been split into the three dimensions. 
Relationship 
The relationship features observed in this lesson were involvement and teacher 
support. Each is discussed in turn. 
Throughout the majority of this lesson students showed signs of involvement, 
specifically when participating in reality-based discussions. The discussion used 
reality situations, such as stepping a distance, that could be presented physically, 
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using a model and symbolically. Student involvement was maintained for the 
remainder of the lesson. 
The teacher provided considerable teacher support during the lesson. Those 
students who participated in the discussion displayed self-confidence, as they were 
able to demonstrate their knowledge to others. Those who did not participate in the 
discussion were approached one-on-one by the teacher and demonstrated their 
knowledge by showing the teacher their work or showing her how they solved 
mathematical questions. Assistance was given to the students who needed it, and 
achievements were praised. One student, who often needed additional support, was 
given one-on-one time with the teacher and with this support the student’s 
confidence appeared to increase. This was evident when the student did not double 
check her answer with the teacher before writing it down. These examples illustrate 
how the teacher drew upon her knowledge of content and the associated pedagogy to 
engage students in meaningful and encouraging conversation. To provide support to 
students, a teacher must take an interest in the students, and have an understanding of 
their abilities (Fisher & Fraser, 1983; Snowman et al., 2009). The teacher used these 
behaviours when she demonstrated teacher support. 
Personal development 
Both features of personal development (task orientation and competition) were 
evident in this lesson observation. 
Based on the RAMR cycle, the teacher followed the planned activities 
throughout the lesson and in doing so demonstrated task orientation. The teacher 
demonstrated knowledge of what she wanted the students to do and she clearly 
communicated this. The students listened, understood and completed activities as 
instructed. During this lesson, there was classroom order. 
It was discussed in Coaching Session 2 that the launch activity may encourage 
competition. The teacher reported in Coaching Session 3 that the students were not 
competing for achievement, but were excited to see their scores presented at the end 
of the lesson. A similar finding was evident in Lesson Observation 3. Though the 
students were excited to see their results, they were not competitive towards one 
another. Students were complimentary of other students’ achievement.  
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Further evidence of task orientation and competition were found to develop a 
clear picture of the environment in the observed classroom.  
System maintenance and change 
The four features of system maintenance and change (i.e., order and 
organisation, rule clarity, teacher control and innovation) were all observed in this 
lesson. 
Throughout the lesson the teacher demonstrated order and organisation. It was 
clear that the teacher had knowledge of pedagogy and content evidenced by the 
clarity in her instructions. The teacher appeared confident in her teaching, and this 
gained student respect, leading to on-task behaviour. The students evidenced this by 
answering the teacher’s questions, participating in discussion and showing general 
attentiveness. 
Due to the order and organisation, rules became clear. The teacher began the 
lesson with clear behavioural expectations, and these were enforced throughout the 
lesson by verbally reminding the students of the rules, demonstrating rule clarity. 
This resulted in positive behaviour and student involvement, allowing the teacher to 
remain in control of the lesson. Towards the end of the lesson behaviour became 
slightly disruptive, but the teacher expressed little concern regarding this, as those 
who were talking had completed their work. This was evidenced by the comment 
from the teacher: “I don’t mind if they’re a little talkative at the end of the lesson as 
long as they have most of the work done. The lessons are very long” (in reference to 
the 70-minute lesson).  
Prior to this lesson the teacher planned using the innovative pedagogy of the 
RAMR cycle. Her plan followed the reality, abstraction and mathematics phases by 
sharing reality stories, and then showing physical, visual and symbolic 
representations of addition (based on the discussion in Coaching Session 3). This 
innovation was associated with high levels of involvement and on-task behaviour. 
During this lesson the teacher demonstrated a sound knowledge of relevant 
mathematical content, including the varying ways a problem could be solved. There 
was an instance of a student who was adamant that his answer was correct, when it 
was not. Instead of telling the student the correct answer and moving on, the teacher 
physically represented a number line on the floor as well as on the board and showed 
 108 Mathematics knowledge for teaching and the classroom environment 
the addition, demonstrating that another strategy can be used to solve addition 
problems. In doing so, the teacher demonstrated innovation by using a pedagogical 
strategy that was tailored to the learning of one student.  
This lesson observation has provided more insight into the four features of 
system maintenance and change used in the classroom: order and organisation, rule 
clarity, teacher control and innovation. 
4.6.3 Discussion 
The two major themes that were identified within the previous data and 
analysis were both built upon in this lesson observation. First, the teacher 
demonstrated her knowledge of content and pedagogy, had planned accordingly, and 
a positive classroom environment was evident. Second, the teacher’s high level of 
pedagogical knowledge and the use of appropriate strategies were associated with 
student involvement. Each of these two themes is further discussed in the following 
paragraphs. 
The structure of this lesson followed the use of the RAMR cycle, and it was 
obvious through the clear presentation and explanation that the teacher had good 
knowledge of the pedagogy and relevant content. This was different from Lesson 
Observation 1 and Lesson Observation 2, when the teacher apparently lacked the 
relevant content and pedagogical knowledge, which was suggested as contributing to 
the students’ disrespectful and off-task behaviour. Within the previous coaching 
sessions the researcher worked through a RAMR cycle with the teacher in an attempt 
to develop her content knowledge in regard to the structured sequence and her 
pedagogical knowledge in regard to the RAMR cycle. The teacher used the 
knowledge that she had developed in these coaching sessions to plan and prepare a 
clear and structured lesson. The teacher also used the expectations developed in the 
launch activity to retain order for the remainder of the lesson. By doing so, the 
teacher improved the classroom environment in terms of the system maintenance and 
change dimensions by having a clear lesson plan, providing rules, maintaining 
control and using innovative pedagogical strategies. This provides further evidence 
of the influence of the teacher’s knowledge on her planning and preparation, and the 
influence of planning and preparation on the classroom environment.  
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In the observed lesson the teacher demonstrated knowledge of pedagogy, and 
associated with this demonstration of knowledge it appeared students became 
involved in the lesson. The teacher knew the teaching strategies she wanted to use, 
and how to use them. This builds on the idea that appropriate pedagogy influences 
the classroom environment. A teacher needs to have knowledge of pedagogy in order 
to select appropriate strategies to use, which in turn positively impact the classroom 
environment.  
During this lesson the two major themes have been built upon. Through the 
teacher’s careful planning and development of suitable activities (as seen in 
Coaching Session 3), the students demonstrated positive behaviour and overall 
involvement within the lesson. Through the development of the teacher’s content 
knowledge and subsequently using appropriate pedagogical strategies, the classroom 
environment appeared to have improved. 
4.7 DISCUSSION 
In the preceding sections six data gathering events were described, analysed 
and discussed with regard to the classroom environment in order to fulfil the first 
objective of this study: To exemplify the classroom environment within a low SES, 
underperforming mathematics classroom. Two overarching tentative themes have 
been identified as a result of this exemplification and analysis. 
In the following three sections, the Phase 1 data are reconsidered to form 
general summaries of the classroom’s environment in terms of the three dimensions 
and nine features of classroom environment, fulfilling Objective 1. These summaries 
are followed by a short discussion regarding the inter-feature relationships, where it 
becomes apparent that in the observed classroom some features seem more 
prominent than others. This discussion leads into section 4.8, in which the themes 
discussed over the preceding sections are refined into three tentative conjectures in 
regard to the classroom environment features and the influence of teacher 
knowledge. This introduces the second objective of this study: To explore the 
influence of teacher knowledge on the classroom environment. 
4.7.1 Relationship 
Within this section the features of involvement, affiliation and teacher support 
are summarised.  
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Involvement 
Involvement within the classroom is the level of student participation, interest 
and enjoyment within the classroom (Fisher & Fraser, 1983; Trickett & Moos, 2002). 
This also encompasses the level of additional work students complete without 
teacher enforcement (Trickett & Moos, 2002). 
Across the Phase 1 data collection period, involvement was seen both 
positively and negatively within the classroom. There seemed to be a relationship 
between positive reinforcement and positive teacher-student relationships. Most 
students who were categorised as involved were also categorised with a positive 
teacher-student relationship. The researcher’s observations of the first lesson were 
reflected in the teacher’s comments within the first coaching session: The teacher 
commented that the students who were hard to get involved were not as well known 
to her as others in the class.  
Some sections of the second lesson observation had a higher level of 
participation, such as within the reality discussions in which the teacher appeared 
organised. Despite this there were also sections of the lesson that were described as 
disorganised and which were associated with poor whole-class behaviour. Student 
involvement in the classroom appeared to be limited by the teacher’s weak 
knowledge of pedagogy and its connection to the mathematical content. The teacher 
chose not to use the digital presentation within the classroom, nor did the teacher 
implement the launch activity in the manner that was discussed with the researcher 
during Coaching Session 1, which may have impacted involvement. 
During the second coaching session the teacher once again commented that 
involvement was a “struggle” in the classroom, that is, it was difficult to get all the 
students involved. It was suggested by the researcher that developing a sound 
understanding of the suggested curriculum and its pedagogy by following the RAMR 
pedagogy and the structured sequence could help the teacher develop a lesson plan 
that would encourage involvement. As the structured launch activity that had been 
discussed with the teacher during Coaching Session 1 had not been used (instead the 
teacher created an adaption), the researcher and teacher agreed that the researcher 
would develop future launch activities. This would enable the teacher to spend more 
time planning a structured lesson with the goal of increasing involvement. The 
teacher reflected during the following coaching session that increased involvement 
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was evident when using the structured launch activity. All students participated in the 
activity and it settled them into the classroom. The teacher commented that the 
students became excited about their achievement results, and that it was a great way 
to start the lesson. Due to this increased involvement in the classroom the teacher 
was keen to continue to implement the structured launch activity. 
Within the third coaching session the teacher and researcher worked through a 
RAMR cycle from the module on operations (i.e., O1 Module), and discussed the 
implementation of activities which could involve the students in learning. Through 
this discussion, the teacher’s knowledge of mathematics pedagogy and the 
sequencing of the content were developed, evidenced by the teacher’s comment that 
the sequencing of ideas was something she “struggled” with on her own but 
understood when working with the researcher.  
Lesson Observation 3 began with a structured launch activity and the 
researcher observed an increase in students’ involvement throughout the majority of 
the lesson, demonstrated by behaviours such as whole-class participation, keenness 
to respond to teacher questions and the following of teacher instructions. Students 
became excited about their results in the launch activity, and were keen to see how 
they ranked next to others in the classroom. This level of excitement had not been 
observed within the classroom previously by the researcher. It was observed that 
involvement in the lesson was high until the end of the lesson. It was conjectured, 
after taking into account what happened regarding planning and student involvement 
in Lesson Observations 1, 2 and 3, that this high level of involvement was due to the 
good planning of the lesson. This was reaffirmed when, after completing the final 
teacher-planned activity, the students appeared unsure of what to do which was 
accompanied by poor behaviour. This conjecture is reflective of previous 
observations and planning sessions.  
Affiliation 
Affiliation is the relationship between peers, including the way they feel 
towards one another, the manner in which they speak to one another, how they work 
together, and how well they know one another (Fisher & Fraser, 1983; Trickett & 
Moos, 2002). This is the second feature of the relationship dimension of the CES. 
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Affiliation within the classroom was not observed during lesson 1, as the on-
task interaction between students was minimal. Despite the negative observation of 
affiliation in regard to on-task activity, however, it was clear that friendship groups 
in the class existed.  
During the second lesson observation, peer interactions were positive when 
students collaborated to brainstorm the concept of change in reality. This opportunity 
for collaboration increased the affiliation between students, and seemed to positively 
influence student involvement as all students were participating and willing to learn. 
Affiliation was also evident during the attempt at the “Celebrity Heads” style 
activity, in which students needed to work together to solve a problem. However, it 
seemed that due to the teacher’s lack of knowledge of content and pedagogy 
regarding this activity, opportunities for collaboration were compromised and so 
students moved on to individual work. Once again, the teacher’s level of knowledge 
had influenced affiliation in the classroom, and therefore the classroom environment. 
In the final observation of Phase 1, positive peer relationships were observed 
through the student response to errors in the classroom. For example, students did not 
single out other students who made errors or had learning difficulties. Upon 
reflection, positive peer relationships were also evident during Lesson Observations 
1 and 2. This respect between peers created a safe and secure environment. It is 
therefore clear through the positive relationships observed that affiliation or 
relationships between peers was evident and provided a positive, safe and secure 
classroom environment. Based on this, when given tasks that involved collaboration 
with peers, the students were capable of this and demonstrated high levels of 
involvement.  
Teacher support 
Teacher support is defined as the relationship between the teacher and his or 
her students (Fisher & Fraser, 1983; Trickett & Moos, 2002). It is the manner in 
which a teacher shows help, trust, and friendship towards students and the teacher’s 
knowledge of students’ backgrounds and academic abilities (Fisher & Fraser, 1983; 
Trickett & Moos, 2002).  
During Lesson Observation 1 two groups of students were observed: one group 
(approximately one third of the class) actively participated in lessons whilst the other 
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group did not. Many of the students who were involved were those with learning 
difficulties, and the teacher appeared to have a thorough understanding of their 
backgrounds. The teacher did not appear to know the other students in the classroom 
as much, and paid them less attention. In this way, support was not provided equally 
for all students.  
The teacher has a background in special education and within her classroom it 
was observed that she attempted to create a comfortable environment that catered to 
the students’ different learning abilities. Based on Lesson Observation 1 it was 
suggested that the teacher’s priority was to emotionally support the students in their 
environment and make them feel physically safe. The teacher continued to provide 
this support during Lesson Observation 2 in which the students sat according to a 
seating plan. During the second observation it was observed that the teacher 
commonly spent time with students who had additional learning needs and required 
more one-on-one attention in class. These students appeared to take priority over 
others in the class, as they commonly requested additional help.  
During Lesson Observation 3 the teacher showed stronger knowledge of 
content, pedagogy and curriculum by planning an effective lesson. The teacher 
ensured that all students had a clear understanding of activities in the classroom, and 
students constantly had a task to complete. The teacher then spent her time asking 
each student: “Do you know what you are doing?”. This marked a shift in the 
teacher’s level of support for the students from an emotional support to also 
providing well-connected academic support, due to an increase in her content and 
pedagogical knowledge which was apparent in the clarity of her planning and 
explanations of mathematical ideas.  
It was observed that when the teacher created a planned and organised 
environment, based on sound teacher knowledge of content and pedagogy, students 
appeared to understand what was expected of them. When there was this type of 
clarity within the classroom, the students appeared to have a more positive 
relationship towards the teacher, as evidenced by the general on-task behaviour of 
students during sections 2 and 3 of Lesson Observation 3. 
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4.7.2 Personal development 
In this section the two features of task orientation and competition are 
summarised. 
Task orientation 
Task orientation is the first feature within the personal development dimension, 
and focuses on the tasks within the lesson (Trickett & Moos, 2002). This feature has 
an emphasis on completing planned activities, and staying on task (Fisher & Fraser, 
1983; Trickett & Moos, 2002).  
Throughout Phase 1 the teacher demonstrated various levels of preparedness. 
The first observation was of a fractured lesson which was composed of two stages: 
test completion and teaching of new content. The teacher had ensured that there was 
an activity for students to move on to after the completion of the test, but did not 
ensure each student clearly understood what to do in the activity. This was evident 
through the lack of explanation of the activity to students re-entering the classroom. 
The plan for the remainder of Lesson Observation 1 was brief. The teacher did not 
have a thorough understanding of the content associated with the planned activities, 
nor did she plan enough activities for the allotted time. This unpreparedness caused a 
disruption and students appeared to lose respect for the teacher. 
Within the first coaching session the teacher commented that finding time to 
plan was difficult and not of a high priority. In general, she stated that she created a 
brief outline of the lesson but her plans lacked specific detail. The researcher 
introduced the concept of a digital presentation to the teacher to help the teacher with 
control and structure in the hope that this would improve participation. Using the 
structure of the digital presentation could have allowed the teacher to manage her in-
class time more effectively and could have given the teacher a constant reference 
point throughout the lesson. In addition, planning ahead of time would aid in the 
development of her knowledge of content and its associated pedagogy. The digital 
presentation was not used, despite the fact that the teacher indicated that she would 
implement it.  
The plan for Lesson Observation 2 was clear but the teacher demonstrated poor 
pedagogical knowledge when attempting to use the hands-on activity. This lack of 
understanding was apparent to the students, which again appeared to result in a loss 
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of respect for the teacher evidenced by the students’ off-task behaviour. In the 
discussion afterward, the teacher made a link between planning meaningful and 
authentic activities and students’ involvement. 
Within the second coaching session the researcher attempted to aid in the 
structuring of the lesson by creating launch activities for the classroom that had the 
aim of settling students into the classroom and providing some teacher expectations 
of behaviour. This provided the teacher with more focused planning time in which to 
develop her knowledge of the curriculum and associated pedagogy, including reading 
and using the module booklet.  
The third lesson observation began with a structured activity, followed by a 
carefully prepared lesson. The teacher had a plan for the lesson, demonstrating a 
development in her knowledge of content and pedagogy. The overall classroom 
relationships were more positive within Lesson Observation 3 when compared to the 
other observed lessons and it could be conjectured that this was a result of the 
teacher’s content knowledge and her more in-depth lesson planning. 
Competition 
Competition in the classroom relates to how much students compete with one 
another for grades and recognition (Fisher & Fraser, 1983; Trickett & Moos, 2002). 
This also can be interpreted as competition with oneself. 
During Lesson Observation 1, there was little competition within the 
classroom. Results from the tests were not revealed to the students and, due to the 
lower level of involvement in the lesson, the students who wanted to be heard had 
the opportunity to speak.  
After the implementation of the structured launch activity, the students were 
able to compare their launch activity results with others in the class. During the third 
coaching session the teacher believed that this created a positive atmosphere in the 
classroom, as praise was given to those who improved from one day to the next. As 
the launch activity was the same throughout the week, the students could compare 
their achievement and recognise their improvement. During the third lesson 
observation students exhibited similar behaviour to that described by the teacher in 
the previous coaching session. Students became involved in the activity, and worked 
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through it quickly and quietly. Positive relationships were evident between peers 
through the compliments given to each other regarding high scores or improvements.  
Competition within the classroom is heavily dependent on the visualisation or 
verbalisation of achievement (Wiliam, 2012). It was difficult for students to compete 
with one another within the classroom when grades or scores were not shared. Once 
results were shared, students were keen to compare themselves against each other 
and to themselves.  
4.7.3 System maintenance and change 
In this section the four features of order and organisation, rule clarity, teacher 
control and innovation are summarised. 
Order and organisation 
Order and organisation within the classroom relates to the orderly manner in 
which students behave in the classroom and the overall organisation of classroom 
activities (Trickett & Moos, 2002). 
During Lesson Observation 1 the classroom teacher was not able to maintain 
order in the classroom. The teacher did not appear to have high expectations for 
students to behave in a polite and orderly way, as there were few rules or lesson 
expectations given. Those students who behaved in an orderly manner were those 
who had a positive relationship with the teacher. This is reflective of the relationship 
dimension of the CES. It was noted in Lesson Observation 1 that the teacher did not 
appear or attempt to foster positive teacher-student relationships with all students in 
the classroom. Associated with this lack of positive relationships was disorderly 
student behaviour. The classroom teacher showed a lack of confidence in her 
teaching when flipping through the module booklet and attempting to find extra 
activities, demonstrating a lack of planning and poor knowledge of curriculum and 
its associated pedagogy. When their teacher appeared to lack confidence, the students 
tended to respond with disorderly and disrespectful behaviour. This lack of 
organisation has been discussed with regard to the feature of task orientation; the 
teacher’s planning was weak and finding time to plan was not a priority for her.  
During Coaching Session 1, methods to increase order and organisation within 
the classroom were discussed, such as the digital presentation and the launch activity. 
During the subsequent second lesson observation there was increased order and 
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organisation. For example the teacher explained what she wanted the students to do 
in regard to the whole-class discussion. This could be attributed to an increase in her 
knowledge of pedagogy and content. She also allowed students to work 
collaboratively, which was done in an orderly manner. It is assumed that this order 
was due to the increased level of planning and subsequent confidence of the teacher. 
Conversely, when the teacher’s explanations and expectations were limited (such as 
during the “Celebrity Heads” style activity), classroom disorder again became 
evident.  
Within the second coaching session the concept of the launch activity was 
again discussed and the researcher offered to assist the teacher by creating the launch 
activity so that the teacher then had more focused planning time to aid her 
development of deep understanding of the connections between mathematical 
content and its associated pedagogy. To enable this knowledge development the 
researcher suggested that the teacher plan using the O1 Module booklet. 
After the launch activity had been implemented, the teacher commented that 
there were high levels of student involvement and that there was increased order in 
the classroom, evident through student attentiveness. This was attributed to the 
teacher’s expectations. The teacher commented that this increased organisation 
continued to influence the order for the remainder of the lesson. Within this third 
coaching session the researcher attempted to work through the O1 Module booklet 
with the teacher, as the teacher was struggling in regard to her knowledge of 
curriculum and its associated content and pedagogy. Working through a relevant 
RAMR cycle phase-by-phase allowed the teacher to better understand the detail 
within the booklet, including the content and potential chosen activities. This 
discussion had the aim of increasing the teacher’s planning and organisation, and 
therefore positively influencing order in the classroom. 
The observed order and organisation during the third lesson observation was 
substantially improved. The teacher set specific expectations within the launch 
activity, and ensured students knew and understood these expectations through 
verbal reinforcement. The teacher organised each activity and ensured students had 
the appropriate resources needed (e.g., worksheets). The increase in organisation of 
activities and expectations of the students resulted in a higher level of involvement 
within the classroom as observed in the third lesson. 
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Based on these lesson observations and coaching sessions it appears the order 
in this classroom relies on the organisation of the teacher which itself is based on the 
teacher’s sound content and pedagogical knowledge. When the teacher had sound 
content and pedagogical knowledge the students were able to understand their own 
role in the classroom and behaved accordingly. This aligns with the idea that 
planning and preparation fosters order and organisation and the development of a 
positive classroom environment. 
Rule clarity 
Rule clarity relates to the establishment of a clear set of rules within the 
classroom and the consequences for inappropriate actions (Fisher & Fraser, 1983). 
This is also related to the extent to which a teacher enforces the rules consistently 
and fairly (Fisher & Fraser, 1983; Trickett & Moos, 2002).  
In Lesson Observation 1 there were few clear rules or expectations 
communicated to the students, and those rules that were set were not strongly 
enforced. The teacher commented at the end of Lesson Observation 1 that student 
behaviour was poor. During the discussion of poor student behaviour (Coaching 
Session 1) the teacher associated the poor behaviour with a lack of participation in 
the classroom, which links directly to the behavioural dimension of involvement 
(discussed in section 4.7.1).  
The second lesson observation was similar to the first in terms of rules as 
evidenced by the descriptions within section 4.3.1. Student behaviour was more 
positive due to the increase in teacher organisation through her application of 
pedagogical knowledge in the beginning phases of the lesson. This was not 
maintained throughout the remainder of the lesson, when students began to exhibit 
poor behaviour.  
The third lesson observation included the use of a structured launch activity, as 
well as a well-organised plan for the body of the lesson. When implementing the 
launch activity, the teacher’s expectations were made clear to the students. The 
teacher highlighted her expectations and reinforced them throughout the launch 
activity. This setting of expectations was maintained during the body of the lesson 
and was accompanied by on-task student behaviour. During the last 10 minutes of 
the lesson students became more disruptive. This could be attributed to the lack of 
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enforcement of the rules, as well as the teacher’s attitude regarding the end of the 
lesson (i.e., she did not mind that students were behaving in this way).  
Throughout Phase 1 it became clear that when there was rule clarity, that is, 
when teacher expectations were known to students and were enforced, positive 
behaviour increased. Rule clarity increased when the teacher was well prepared, 
regardless of the particular teaching strategy used. Effective teachers have an 
understanding of what they consider appropriate expectations of behaviour within the 
classroom, and consequences associated with these behaviours (McInerney & 
McInerney, 2006). Rules define the general standards for behaviour, as well as what 
is considered unacceptable, and it is crucial that a teacher establishes these rules 
clearly within the classroom (McInerney & McInerney, 2006). In Lesson 
Observation 3 defined rules for behaviour were established clearly in the classroom, 
reflecting the views of McInerney and McInerney (2006). 
Teacher control 
The definition of teacher control within the classroom relates to how the rules 
are enforced, and how students are disciplined for breaking rules (Fisher & Fraser, 
1983; Trickett & Moos, 2002). This also incorporates the regularity of rule breaking 
in the classroom (Trickett & Moos, 2002). Teacher control requires rules within the 
classroom, and is therefore somewhat dependent on the feature of rule clarity.  
During Lesson Observation 1 and Lesson Observation 2 rules were not clear. 
Due to the lack of clear rules in the classroom, it was difficult for the teacher to 
enforce consequences for poor behaviour, as the criteria for good behaviour were 
unclear. As the teacher’s knowledge of pedagogy and the curriculum increased, she 
gained more control over the classroom. In the third observation, the teacher 
implemented the launch activity in which rules were clear, thus giving the teacher 
control over the class and resulting in on-task students. Importantly, this increase in 
control allowed student learning to occur. As evidenced in the beginning of section 
4.6.1, the regular and consistent reminders to students who had begun moving off 
task appeared to maintain involvement and learning behaviours. At the end of the 
third observation, the class as a whole became slightly disruptive as the teacher 
began to be less consistent in her enforcement of the rules.  
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From Phase 1 it could be observed in this classroom that from teacher planning 
task orientation became evident, so on-task behavioural rules were much easier to 
communicate and enforce, thereby increasing teacher control in the classroom. 
Innovation 
Innovation is defined as the degree to which students contribute to the planning 
of classroom activities and the extent to which the teacher uses new pedagogical 
strategies (Fisher & Fraser, 1983; Trickett & Moos, 2002). The curriculum project 
requires teachers to use the RAMR cycle when teaching the accelerated learning 
program (Cooper et al., 2013). The RAMR pedagogy defines a teaching sequence to 
be followed during a lesson. This was a new pedagogy for the teacher, and 
throughout Phase 1 she developed her ability to use it. 
During Lesson Observation 1, the teacher used a variety of different 
pedagogical strategies such as the IWB, whole-class discussion and written activities. 
These strategies can all fit within the RAMR pedagogy. However, the RAMR cycle 
was not followed in this lesson. Instead, the teacher chose to briefly introduce the 
concept of additive operations in a disjointed manner in which the sequence of 
activities did not follow the RAMR cycle. 
During the first coaching session, the researcher discussed with the teacher 
why she chose not to follow the recommended pedagogy and sequence when 
teaching, and it was revealed that some aspects of the lesson were spur of the 
moment. At this point, the teacher commented that she needed to read the O1 
Module booklet in a more careful manner. In doing so, the teacher could follow both 
the structured sequence and the RAMR pedagogy and so develop her knowledge of 
pedagogy and curriculum.  
Based on the discussion in Coaching Session 1 the teacher appeared to have 
prepared herself by using discussion as an effective and engaging pedagogical 
strategy. In this lesson, the teacher chose to combine two RAMR cycles. Instead of 
working through each RAMR phase for both cycles, she completed the reality phase 
for the first cycle, and then moved through the reality–abstraction–mathematics 
phases of the second cycle. Within the abstraction phase there was confusion when 
the hands-on activity did not work well. This confusion was attributed to the teacher 
not appearing to have a sound understanding of the pedagogy.  
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During the second coaching session the researcher emphasised the importance 
of using the O1 Module booklet and following the suggested structured sequence. 
This was done in an attempt to help develop the teacher’s curriculum knowledge that 
was apparently lacking during the second observation. The teacher indicated that she 
was struggling to understand the concepts within the booklet and often found the 
curriculum project overwhelming. To help the teacher effectively use the 
curriculum’s structured sequence, the researcher worked through a RAMR cycle with 
the classroom teacher. In doing so, a lesson was planned in detail with reference to 
the suggested structured sequence. This provided an opportunity for the teacher to 
clarify any misunderstandings. The teacher appreciated the help in planning a lesson, 
and found it beneficial to have someone there to “bounce ideas off”. By working 
though the content that was to be taught, and the pedagogy to be used, the teacher 
was able to develop her knowledge of pedagogy, content and curriculum, and the 
connections between them. 
Lesson Observation 3 repeated and extended the positive aspects of Lesson 
Observation 2 with regard to the effective use of the RAMR pedagogy. The teacher 
initiated a student discussion regarding small-number addition, and moved through 
the RAMR cycle, demonstrating an increase in knowledge of content as well as 
knowledge of pedagogy.  
It can be seen that over time, and with researcher support, the teacher was able 
to develop her understanding of the innovative accelerated mathematics curriculum, 
including the structured sequence and the RAMR cycle. When this occurred, her 
lessons became more organised and students became more involved in the lesson. 
Due to the positive development of innovation, the classroom environment 
improved.  
4.7.4 Inter-feature relationships 
In the preceding subsections the nine features within the three dimensions of 
the classroom environment have been exemplified and discussed with regard to the 
specific evidence from Phase 1. In this subsection the literature that was highlighted 
in section 2.3.4 of the literature review is linked to the data and analysis of Phase 1.  
Zedan (2010) recently completed a study using the CES and “My Classroom 
Inventory”. He found five major factors that applied to the classroom environment: 
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satisfaction and enjoyment, teacher-student relationships, gender inequality and 
tension, student-student relationships, and competitiveness. In these discussions it 
was identified that the features and dimensions are not independent of one another. 
This was identified by Boren et al. (2011) when they did a critique of the CES. This 
finding by Boren et al. (2011) was prominent in this study. 
Satisfaction and enjoyment was evident in the study by Zedan (2010), and was 
seen when students were abiding by rules. In the CES, satisfaction and enjoyment is 
classified as involvement. High levels of involvement appeared to be associated with 
clear student expectations. Zedan (2010) also commented that in his study the teacher 
was seen as an authority figure and the students had respect for the teacher, and 
therefore rules were followed. In the observed classroom there was not a constant 
respect for the teacher from all students, so the teacher needed to more clearly 
enforce rules and expectations. The lack of rule clarity in the observed lessons 
(Lesson Observations 1 and 2) resulted in negative behaviour. Teacher expectations 
were present in the third lesson observation, in which positive student behaviour was 
maintained. The positive behaviour led to student involvement in the lesson, 
developing the link between rule clarity and involvement. This demonstrates the 
views of Boren et al. (2011) who identified links between the features. When the 
teacher had rules and expectations behaviour was more positive, and when the 
behaviour was positive students became more involved in activities. This also has a 
link to order and organisation: When the teacher was ordered and organised, that is, 
she had planned for the lesson and knew both the content and the pedagogy, she 
provided rules (as seen in Lesson Observation 3).  
The teacher-student relationships that were observed by Zedan (2010) were 
supportive, positive and warm, yet the teacher was still viewed as a form of 
authority. The students typically did not act rudely, abided by rules and considered 
the teacher a figure of authority (Zedan, 2010). This differs from the observations 
made in this study (Lesson Observations 1 and 2) when there was a clear definition 
of two groups of students, that is, students who had a positive relationship with the 
teacher, and students who had a negative relationship with the teacher. These two 
distinct groups were not observed in Lesson Observation 3 when positive 
relationships were observed throughout the classroom.  
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Gender inequality and tension was another major factor discussed by Zedan 
(2010), who identified that girls and boys were not treated any differently in the 
classroom with regard to respect, acknowledgement or encouragement. Similarly in 
this Masters study gender inequality was not observed, although there was some 
inequality between students who were or were not part of the SEP. It was noted in 
section 4.1.2 that the teacher paid more attention to those within the SEP, and those 
who were not part of the SEP were not as well known to the teacher. Though there 
was no gender inequality, there was inequality in the learning ability of students. 
This may influence the teacher-student relationships in the classroom, as inequality 
in the provision of teacher support may seem “unfair” to students. 
Zedan (2010) also identified positive and close-knit student-student relationships 
as a major factor in the classroom environment, which was attributed to the extensive 
length of time the students had known each other. Though the relationships between 
peers within the observed classroom were not negative, as seen when peer 
collaboration increased involvement (as observed in section 4.3.1), and there were 
friendships among some students, this did not appear to be to the same extent as 
described by Zedan (2010). It is not certain how long the students within the class in 
the Masters study had known one another prior to their selection for the class, but the 
class itself was new that year. This forms a differentiation between these studies, and 
may be a significant reason why strong affiliation was not observed.  
The fifth and final major factor that Zedan (2010) identified was 
competitiveness. Zedan (2010) reported that there was a low level of competition in 
the students in his study. This is very similar to the students within this study. The 
only form of competition that was observed was in Lesson Observation 3 when the 
students compared their launch activity results with themselves and one another. At 
this stage there was no negativity regarding comparing levels of success, which once 
more demonstrates a link between affiliation and competition. Competition in the 
classroom was similar in this study and in the literature, both demonstrating limited 
competition. When competition was observed there appeared to be a link to 
affiliation, demonstrating links between dimensions reflecting the work of Boren et 
al. (2011). Zedan (2010) identified that students were more interested in social 
aspects of schooling rather than excellence and so did not have high levels of 
competition. It was observed in Lesson Observation 3 that students interacted 
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positively with one another when comparing results of the launch activity. In both 
cases, the peer relationships were more important and prevalent than competition. 
These links between the works of Zedan (2010) and this study, and between 
features as identified by Boren et al. (2011), have shed light on the CES as used in 
this study. Further evidence of these links and similarities between the studies is 
anticipated within Phase 2 of the data and analysis. 
In section 4.7 each feature of the classroom environment was discussed and 
evidence was provided to exemplify each feature within this study. Additionally, 
each dimension was analysed against relevant literature. From this discussion and 
analysis it has been observed that the teacher’s knowledge has an influence on the 
classroom environment, and three tentative conjectures have been made. The 
conjectures are presented in section 4.8. 
4.8 CONJECTURES AND IMPLICATIONS 
Objective 1 of this study aimed to exemplify the classroom environment, this 
was done throughout Phase 1 of the data and analysis. During the observations and 
coaching sessions of Phase 1 the classroom environment was observed to have 
positively changed with regard to the three dimensions and nine features presented in 
the CES. During that time the teacher developed her knowledge of content and 
pedagogy and it appeared that, as a consequence, she was able to plan and prepare 
lessons more effectively. Thus, relationships between the teacher’s knowledge and 
the classroom environment were discussed in terms of two themes. In the following 
sections, these themes have been translated into three tentative conjectures regarding 
the influence of the teacher’s knowledge on the classroom environment. The scope of 
these conjectures is limited to the particular class that was observed. Then, in section 
4.8.4, the implication for future research in Phase 2 of this study is presented.  
4.8.1 Conjecture A: Planning and preparation 
Planning and preparation influences the classroom environment, particularly 
in terms of teacher-student respect and behaviour. 
For this class, improved pre-lesson preparation was seen to lead to increased 
student involvement, motivation, respect for the teacher, and ultimately enhanced 
learning. Conversely, a lack of preparation was associated with lessons that were 
described as unstructured. This lack of structure and preparation was evident 
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throughout Lesson Observation 1, and within the attempt at the hands-on “Celebrity 
Heads” style activity in Lesson Observation 2. Prior to the third observation the 
teacher had the opportunity to plan. In the observed lesson she presented a clear 
sequence of ideas, which was associated with increased student involvement in 
learning, an apparent increase in respect for the teacher and overall positive 
behaviour.  
4.8.2 Conjecture B: Effective pedagogy 
The teacher’s understanding of pedagogy influences the classroom 
environment. 
In Lesson Observation 2 the teacher used the “Celebrity Heads” style game in 
an attempt to involve the students and allow them to practise their knowledge. The 
teacher appeared to lack understanding of the activity, was unable to clearly explain 
the activity to her students, and lost the respect of her students. This provided an 
example of how a lack of pedagogical knowledge was followed by poor student 
behaviour, limited involvement and limited respect towards the teacher. In contrast, 
the teacher demonstrated sound pedagogical knowledge in the third lesson 
observation. The teacher had strong knowledge of pedagogy and its connection to 
content of the thinkboard activity; she knew the teaching strategy and clearly 
outlined this to the class, thus gaining student respect. This resulted in increased 
student participation, involvement and positive behaviour. The launch activity was 
another example of how preparation impacted the classroom environment. There 
appeared to be clear planning and clear activity explanation and the students settled 
into the classroom and followed the teacher’s instructions.  
These examples demonstrate that, in this classroom, the teacher required 
knowledge of pedagogy in order to teach effectively, that is, to develop a positive 
classroom environment.  
4.8.3 Conjecture C: Content knowledge 
The teacher’s knowledge of content influences the classroom pedagogy and 
planning and preparation, thus influencing the classroom environment. 
The teacher’s content knowledge appears to have impacted her classroom 
pedagogy, and planning and preparation, and therefore the classroom environment. 
Sound content knowledge was not evident during Lesson Observation 1 when the 
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students were being questioned about an “equals as balance” test question. The 
teacher did not appear to have sufficient knowledge of the connections between 
mathematical content to explain why equals can be represented through balance, and 
was only able to say if an answer was correct or incorrect. In this way she did not 
appear to have a cohesive understanding of the structured sequence of ideas. During 
the coaching sessions the teacher’s knowledge of content was built through 
discussions with the researcher, and through planning using the O1 Module booklet. 
Associated with the development of her knowledge of content the teacher showed 
increased confidence in her teaching and developed mutual respect between the 
students in her class. This increased confidence was observed during Lesson 
Observation 3 when the teacher had prepared what she was going to teach and had 
substantial content knowledge to support her teaching. This appeared to generate a 
greater level of mutual respect between the teacher and the students. 
4.8.4 Implication for Phase 2 
Through addressing Objective 1, it emerged that teacher knowledge was an 
important influence upon the classroom environment. This has led to the emergence 
of a second research objective: To explore the influence of teacher knowledge on the 
classroom environment. This exploration and fulfilment of Objective 2 is the base of 
the second phase of this study, which is reported on in the next chapter.  
4.9 SUMMARY 
In the first phase of the study, the researcher conducted lesson observations 
and coaching sessions to develop a rich description of the classroom in terms of the 
nine features of the classroom environment. This was labelled as Phase 1 of the data 
and analysis. Within this rich description, teacher knowledge was identified as a 
significant influence on the classroom environment. This will be the focus for further 
investigations during the second phase of lesson observations and coaching sessions. 
In particular, focus will be placed on the specific types of teacher knowledge and 
their apparent influence on the classroom environment. 
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Chapter 5: Data and Analysis Phase 2 
Phase 2 addresses Objective 2 of this study and builds upon the three tentative 
conjectures that were made at the end of Phase 1: (a) planning and preparation 
influences the classroom environment, particularly in terms of teacher-student 
respect and behaviour; (b) the teacher’s understanding of pedagogy influences the 
classroom environment; and (c) the teacher’s knowledge of content influences the 
classroom pedagogy and planning and preparation, thus influencing the classroom 
environment. In Phase 2, teacher knowledge is more specifically described using the 
Mathematical Knowledge for Teaching (MKT) model put forward by Ball et al. 
(2008). This model comprises three forms of subject matter knowledge (common 
content knowledge, horizon content knowledge, and specialised content knowledge) 
and three forms of pedagogical content knowledge (knowledge of content and 
students, knowledge of content and teaching, and knowledge of content and 
curriculum). Each of these knowledge types was introduced and explained within 
section 2.4.3 of the literature review. 
Phase 2 of the data and analysis follows the same structure as Phase 1. In 
sections 5.1 to 5.8 each data event is described and the discussed in terms of the nine 
features of classroom environment. Additionally, the discussion considers the 
influence of teacher knowledge upon the classroom environment drawing on Ball et 
al.’s (2008) model. In the description and discussion of these events, statements may 
appear certain, but it is understood by the researcher that these statements are 
conjectural and are limited to the classroom under study. In section 5.9 the tentative 
conjectures are further discussed and refined with regard to MKT, drawing on 
examples from both Phases 1 and 2 of the data and analysis, and drawing on relevant 
literature. Section 5.10 summarises the chapter.  
5.1 LESSON OBSERVATION 4 
In this lesson observation the focus was on Conjectures A and C, which relate 
the teacher’s knowledge of content to her planning and preparation and from this the 
classroom environment.  
 128 Mathematics knowledge for teaching and the classroom environment 
5.1.1 Lesson description 
Lesson plan 
The teacher did not provide the researcher with any form of written or verbal 
plan before beginning the lesson. 
Lesson account 
The lesson followed a sequence of activities: (1) setting up the lesson, (2) the 
launch activity, (3) introduction of larger number subtraction, (4) larger number 
subtraction practice, and (5) review of the launch activity results. Each section is 
described sequentially in the following subsections. 
1. Setting up the lesson 
The teacher began the lesson by allowing students into the classroom and 
asking them to sit in their assigned seats (see Lesson Observation 2) and to get out 
their notebooks and pencil cases. 
2. Launch activity 
The lesson began with a launch activity as presented in Figure 5.1. The launch 
activity was originally designed for the following week, but as the teacher had given 
the students the previous launch activity in the previous lesson and all students 
gained high results the teacher moved on. All students completed this new launch 
activity. 
 
Figure 5.1. Lesson Observation 4: Launch activity.  
Similarly to Lesson Observation 3, each student was expected to sit at his or 
her desk and complete the activity as soon as they walked into the room. The teacher 
commented to the researcher that students were getting accustomed to the launch 
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activity as a lesson introduction and that the majority of students were “settled” in 
the classroom as a result.  
3. Larger number subtraction concept 
Once all students had completed the launch activity the teacher moved on to 
the content stage of the lesson, writing the goal of the lesson on the whiteboard: 
Learning written computation strategies for larger number subtraction. The first 
activity of this section of the lesson activity aimed to identify subtraction in reality 
through discussion. Students came up with various examples of reality situations; 
one such example was: “I was playing World of Warcraft and I have 50 points. I lost 
12 points. How many do I have left?” This was a relevant reality-based situation for 
the students, as many students commented that they spend their free time playing this 
game. The majority of the class participated in the initial discussion. 
To solve such problems the teacher introduced the separation strategy for 
subtraction. As a class the students and teacher worked through the reality problem 
using a place value chart (PVC) on the board, and drawing “counters” in the two 
columns. The teacher began by placing the total (i.e., 50) in the PVC, and taking 
away the known part. This required the teacher to trade one “ten” for ten “ones”, 
enabling her to solve the problem. The teacher showed the working symbolically at 
the same time as using the PVC representation in a manner similar to that presented 
in Figure 5.2. 
 
Figure 5.2. Lesson Observation 4: Comparison of 2-digit subtraction using PVC with written 
algorithm. 
4. Larger number subtraction practice 
After explaining the example to the class the teacher prompted the students to 
solve other problems using the same process with individual PVCs and Unifix cubes. 
There were comments from the majority of the class stating that they knew how to do 
vertical subtraction already, showing their prior knowledge. After hearing this, the 
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teacher did not expect students to use the hands-on resources and allowed them to 
solve their problems symbolically. The hands-on resources remained available to 
those students who wanted or needed to use them, though most students chose to do 
the mathematics symbolically. The teacher and the researcher provided assistance to 
those who asked for it, such as providing one-on-one support. Students completed 
the assigned subtraction questions, but there were comments of boredom made by 
various students. 
Some students solved the symbolic equations quickly. For these students there 
was no other activity for the students to move on to. These students became slightly 
disruptive and began to talk to one another about off-task topics. The teacher 
completed the lesson by working through the answers to the symbolic questions.  
5. Launch activity review 
The lesson finished without the teacher showing the students’ results from the 
launch activity.  
Post-lesson reflection 
The teacher commented that giving students the opportunity to practise the 
mathematical concepts using a method they already knew gave them some self-
confidence in their abilities.  
5.1.2 Analysis 
This lesson observation is discussed with regard to the three dimensions of 
classroom environment: relationship, personal development, and system maintenance 
and change.  
Relationship 
Involvement during Lesson Observation 4 was high. The teacher showed 
preparedness through the implementation of the launch activity to initially involve 
students in the lesson before moving on to the content sections of the lesson. The 
teacher demonstrated confidence during the discussion of subtraction in real-life 
situations, and was clear in her questioning of students. During the discussion of 
reality most students participated in the lesson by providing their own ideas and 
stories. When using the separation strategy (also known as the vertical subtraction 
technique), the students were keen to demonstrate their knowledge. As many of the 
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students already knew this strategy, the teacher gave them more independence in the 
lesson, allowing them to work at their own pace without constant teacher instruction.  
The explanation of the subtraction strategy and the teacher’s ability to provide 
the students with a following activity demonstrated the teacher’s common content 
knowledge. The teacher was also able to use her knowledge of content and teaching 
to adapt her teaching strategies. In this way, the teacher used her knowledge of the 
students’ prior knowledge to adapt her pedagogy to focus her support on those 
students who needed it. During this time, when many students were working 
independently, the students were orderly and well behaved. This level of 
involvement was maintained until the students began to complete their work. During 
Lesson Observation 4 it was identified that involvement was influenced by the 
teacher’s clear demonstration of common content knowledge and knowledge of 
content and teaching.  
Personal development 
When comparing the teacher’s lesson plan to the structured sequence of the 
curriculum project, the lesson had a clear structure and followed most of the RAMR 
cycle. This demonstrated task orientation. The teacher demonstrated a strong 
knowledge of the relevant content and teaching, common content knowledge and 
specialised content knowledge, and was confident in her teaching. The teacher’s 
clear demonstration of knowledge prompted task orientation. 
System maintenance and change 
In the observed lesson the teacher demonstrated innovation through the use of 
the reality, abstraction and mathematics phases of the RAMR cycle. This 
demonstrated three of four phases of the innovative strategy. The use of the RAMR 
pedagogy was incomplete as a reflection or extension activity to complete the 
RAMR cycle was not provided. Such an activity could have linked the mathematics 
back to reality, and would have been beneficial in the development of students’ 
understanding. This suggests a potential lack in the teacher’s knowledge of content 
and teaching. By not providing the students with an activity the students began to 
revert to behaviours associated with a negative classroom climate, for example, 
students began talking with friends on off-task topics. This unplanned end to the 
lesson highlighted the incompleteness of the teacher’s planning, specifically in 
regard to extension activities. This lack of extension activities may have negatively 
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impacted upon the students’ respect for the teacher, as she was obviously unprepared 
for students who completed their work. Additional activities for students who 
finished quickly could provide continued teacher support for the students, as well as 
complete the reflection phase of the RAMR cycle. 
5.1.3 Discussion 
This discussion focuses on the development of Conjectures A and C. In 
particular, the discussion identifies specific forms of teacher knowledge and their 
influence on the classroom environment.  
Conjecture A identified a relationship between planning and preparation and 
the classroom environment. It was identified within the observed lesson that the 
teacher’s common content knowledge, knowledge of content and teaching, and 
content and curriculum were applied to carefully plan the lesson. This allowed the 
teacher to address the cognitive needs of all students and positively impacted the 
overall classroom environment. The teacher had clear, concise and planned 
expectations of the students in the lesson, and the students responded to this with 
good behaviour. This demonstrates the influence that planning and preparation has 
on the classroom environment.  
Conjecture C related the teacher’s content knowledge to her planning and 
classroom pedagogy and thus the classroom environment. It was identified that the 
teacher had a clear understanding of the common content knowledge, but her 
specialised content knowledge appeared limited. This was evidenced by her 
explanation of a procedure (i.e., the symbolic subtraction strategy), without linking 
the procedure to previous strategies; that is, she did not provide a link between 
mathematical ideas. This example demonstrates the influence knowledge of content 
and teaching has on planning and preparation, as well as the influence common 
content knowledge has on knowledge of content and teaching and further, planning 
and preparation.  
The key idea identified within Lesson Observation 4 was the development of 
tentative Conjectures A and C. When the teacher was prepared, knew the content, 
knew the pedagogy and presented this clearly to the students, there was positive 
behaviour. These ideas have built upon the tentative conjectures developed within 
section 4.8. 
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5.2 COACHING SESSION 4 
The focus of this coaching session was to further explore ways in which to 
enhance the teacher’s knowledge of content and teaching. Specifically, the topics of 
discussion were (a) the use of lesson planning templates based on each phase of the 
RAMR cycle, and (b) the use of a term planner to develop the teacher’s 
understanding of the overall structured sequence of the curriculum project. This 
discussion led to a deeper understanding of the teacher’s pedagogical knowledge and 
content knowledge, and how both of these influenced her planning and preparation, 
classroom pedagogy and in turn the classroom environment.  
5.2.1 Session description 
Teacher reflection 
The teacher reflected that she felt that the most recently observed lesson 
(Lesson Observation 4) went well as all the students participated in the lesson. She 
also commented that taking their prior knowledge into consideration had possibly 
contributed to an increase in the students’ self-confidence. The teacher had carefully 
planned for this lesson and this was evident in her clear articulation of the content. 
The researcher agreed with the teacher and commented that this level of planning and 
sound content knowledge would provide continued academic support to the students. 
Topical discussion 
To help maintain the teacher’s preparation and assist in her development of 
content knowledge, the researcher introduced two planning guides that could further 
enhance the teacher’s planning and implementation of the accelerated learning 
program. Each of these was discussed in turn. 
RAMR cycle planner 
The RAMR cycle planner was introduced to help the teacher plan for all the 
important facets of the lesson using each phase of the cycle. This had the aim of 
helping her develop a clear understanding of the content knowledge (both common 
content knowledge and specialised content knowledge) and knowledge of content 
and teaching. It was identified that the teacher initially demonstrated limited 
specialised content knowledge and this was associated with poor student behaviour. 
Through the use of planning strategies (such as adapting the module to her own 
classroom) she was able to demonstrate order and organisation (as seen during 
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Lesson Observation 4). The teacher was keen to use the RAMR cycle planner as she 
recognised that it would help her to concisely describe the content she was going to 
teach, highlight the resources she needed and identify the activities for each phase of 
the RAMR cycle. The teacher also commented that the previously observed lesson 
took a considerable time to plan and by using the planning template time could be 
more efficiently used. Using the RAMR cycle template the teacher and researcher 
planned the next three lessons. Details of these planned lessons can be found within 
Appendix E. 
Structured sequence planning 
A term planner was also introduced to the teacher. This was done to help the 
teacher make sense of the overall structured sequence of the curriculum project, thus 
developing knowledge of content and curriculum and horizon content knowledge in 
order. The teacher commented that she had not thought of the long-term sequence of 
the curriculum and took each RAMR cycle “one cycle at a time”. By considering the 
overall structure of the O1 Module booklet, the teacher was able to recognise which 
of the structured sequence aspects may take a longer time to teach and how, 
conceptually, each of the units linked together. The teacher planned the remainder of 
the school term using the term planner considering RAMR cycles that may take a 
longer time to teach, as well as external influences on the classroom such as end-of-
term activities. As she did this, the teacher commented that the planner was a 
beneficial tool to maintain the structured sequence. The plan she created is presented 
in Appendix F. 
5.2.2 Analysis 
In the following sections the three dimensions of classroom environment are 
discussed in relation to Coaching Session 4. 
Relationship 
Based on the evidence gathered in this coaching session, the features of 
involvement and affiliation are discussed. The feature of teacher support is not 
discussed. 
Student involvement has improved from Lesson Observation 1 to Lesson 
Observation 4. Involvement has the potential to be further improved by using the 
planning tools suggested by the researcher, as they may help the teacher make more 
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effective use of pedagogical strategies. For example, by more effectively using the 
abstraction phase of the RAMR cycle (including the body-hand-mind sequence), the 
teacher has the potential to involve students in active, hands-on learning before 
moving on to symbolic representations. The teacher commented that when a lesson is 
planned (i.e., when the teacher has appropriate knowledge of the content and how to 
teach it), the lesson is more positive: Students are well behaved and become more 
involved in the lesson. 
It was observed in Lesson Observation 2 that when affiliation was evident, 
student behaviour became more positive and there were higher levels of 
involvement. It was recommended that activities that increase peer interactions in the 
classroom could be beneficial in developing a more positive classroom environment. 
By carefully reading the module booklets and using the planning tools the teacher 
anticipated an improved classroom environment through the introduction of 
reflective activities, peer interactions and games. 
Personal development 
In this coaching session the teacher had the opportunity to enhance her class’s 
task orientation by using the lesson and term planning guides. In doing so, the 
teacher was drawing upon her knowledge of content and teaching, as well as her 
common content knowledge and specialised content knowledge. This planning has 
the potential to develop task orientation in the classroom, so long as the teacher 
remains clear in her teaching, which will be aided by following her prepared plan. 
The resultant impact of this planning activity upon the feature of task orientation will 
be studied in future lesson observations.   
System maintenance and change 
The coaching session generated evidence related to the features of teacher 
control and innovation which are discussed in this section. 
In each planned lesson, the teacher had aimed to use the launch activity, 
beginning the lesson with clear teacher expectations. It has been identified previously 
(in Lesson Observation 3) that when the expectations were made clear during the 
launch activity, and the teacher continued to reinforce her expectations, order was 
maintained and the teacher remained in control. By using the RAMR cycle planner 
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introduced in Coaching Session 4, the teacher could demonstrate greater clarity in 
her expectations to maintain consistent control. 
The planning guide may also allow the teacher to use the innovation of the 
RAMR pedagogy in a more structured manner. Previously, the teacher had not used 
the RAMR cycle consistently or in its entirety (i.e., teaching using all four phases). 
The teacher realised that there were no reflection activities within Lesson 
Observation 4 and chose to include these within planning for future lessons to avoid 
a disruptive end to the lesson. The reflection activities that were chosen within the 
three planned lessons were selected because they would not need constant teacher 
supervision, allowing the teacher to cater to those students who may need additional 
one-on-one support. Examples of these reflection activities include playing a mix-
and-match card game to connect larger number representations and playing a 
blackjack-style card game to practise integer addition. 
5.2.3 Discussion 
Within this coaching session the teacher and the researcher worked together 
using RAMR and term planners to provide additional structure to each lesson, and to 
the overall sequence of learning. This has developed the teacher’s knowledge of 
content and teaching, knowledge of content and curriculum and horizon content 
knowledge, building upon her knowledge base of pedagogical strategies.  
The teacher had previously reflected that her planning skills were weak. In this 
coaching session she commented that using the planning guides helped to simplify 
the planning process. By using the planning guides the teacher was able to more 
easily determine the common content knowledge, specialised content knowledge, 
and knowledge of content and teaching relating to each lesson. During this coaching 
session the teacher has developed her knowledge of content and teaching to create an 
appropriate plan for her lessons. Through such improved planning it is conjectured 
that the teacher will enable students to develop academically within a structured and 
organised classroom environment. By considering the cognitive goals of each lesson 
the teacher will be able to set realistic expectations of what she will ask from the 
students in a given period of time, and can teach accordingly. Previous observations 
suggested that students responded well when the teacher had demonstrated sound 
knowledge of content and teaching by presenting a planned and prepared lesson and 
by using appropriate pedagogical strategies (as observed in Lesson Observations 3 
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and 4). The next lesson observation will be focusing on whether the improved 
planning and pedagogy leads to a more positive classroom environment.  
5.3 LESSON OBSERVATION 5 
Within the previous coaching session two planning templates were introduced. 
These were designed to enhance the teacher’s planning, which may lead to a more 
orderly classroom. The result of this planning in terms of the influence upon the 
classroom environment was the focus of this lesson observation.  
5.3.1 Lesson description 
Lesson plan 
This observation was of a lesson that was planned by the teacher during 
Coaching Session 4 using the RAMR cycle planner (which is presented in Figure E2 
of Appendix E). In this plan the focus was on integer operations. In brief, the RAMR 
cycle planned was to: (R) investigate opposites in reality and explore different 
symbolic depictions of positive and negative numbers; (A) complete a “Walk the 
Plank” body activity using dice on a number line, repeat the activity individually, 
teacher read stories aloud and students think of the end result; (M) use the context of 
a lift moving up and down a building to create a vertical number line, identify 
patterns with 
-
+, 
-
-, 
+
-, and 
+
+; and (R) play “Hit Me” game from the module booklet. 
Lesson account 
The lesson was composed of the following sections: (1) setting up the lesson, 
(2) launch activity, (3) discussion on positive and negative numbers, (4) “Walk the 
Plank” game, (5) “Walk the Plank” worksheet, and (6) concluding activity. Each 
section of the lesson is described in the following paragraphs. 
1. Setting up the lesson 
As students walked into the room, the teacher requested they prepare for the 
launch activity by getting out their pencil cases and notebooks. 
2. Launch activity 
The lesson began with the implementation of a launch activity (as presented in 
Figure 5.3) in which the teacher asked the students to complete the activity quietly 
and independently. The teacher commented to the researcher that this was the first 
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time the students had attempted this particular activity, as she forgot to do it in the 
previous lesson.  
 
Figure 5.3. Lesson Observation 5: Launch activity. 
Whilst attempting this activity numerous students indicated by stating “I don’t 
get question 5” that they did not have a clear understanding of the activity. Students 
stated that “9” should be put in the first space and that they were unsure why there 
was an extra space. The teacher noted that numerous students were struggling with 
this question and brought this to the attention of the class. She reminded the students 
that each space needed to be filled and that one side of the equation must balance the 
other side. She questioned the students “What two numbers and 1 add up to the sum 
of 5 and 4?” She gave the students time to complete the activity. The teacher 
provided no more assistance in regard to this activity. 
3. Positive and negative numbers 
Once the students had handed in their launch activity, the teacher moved on to 
the next section of the lesson. The teacher first informed students that the learning 
goal of this lesson was to add and subtract positive and negative numbers. To 
introduce the terms “positive” and “negative” the teacher questioned the students on 
the broader topic of “opposites”. Students came up with the definition of the term 
“opposite” and a variety of examples to describe it, such as: 
 Hot and cold 
 High and low 
 Up and down 
 Left and right 
 Big and little. 
 Chapter 5: Data and Analysis Phase 2 139 
The majority of the class became involved in this discussion. 
After discussing opposites with the class, the teacher asked for the opposite of 
mathematical terms such as addition (subtraction) and multiplication (division). She 
then asked the students “What is the opposite of positive?” and numerous students 
responded with “negative”. This brought on a discussion about positive and negative 
numbers: Those that are positive are larger than zero, and those that are negative are 
less than zero. 
4. “Walk the Plank” game 
The teacher then introduced a game called “Walk the Plank”. To begin the 
activity, the teacher placed a series of A4 sheets of paper in a line on the ground, 
with a ship at one end, a shark at the other, and a series of consecutive numbers in 
between, as depicted in Figure 5.4. The teacher then asked the students to sit or stand 
around the activity. 
 
Figure 5.4. Lesson Observation 5: “Walk the Plank” game board. 
The teacher described that the aim of the activity was to stay on the ship and 
not have to walk the plank (numbers 0–5 approaching the shark). Using two dice, 
one representing positive numbers and the other representing negative numbers, a 
student starting on zero would move in two jumps determined by the values of the 
two dice. It was decided by the students that moving towards the ship was moving in 
a positive direction, while moving towards the shark was negative. However, the 
rules of the game were unclear to many of the students, which was evidenced by 
comments such as “I don’t get this”. The teacher responded that the rules of the game 
would become clearer once the game began.   
To begin the game, the teacher selected one student. The aim for this student 
was to stay on the ship and not to walk the plank. As the two dice were rolled the 
student moved on the number line. It was observed that students who were paying 
attention (i.e., those with a positive teacher-student relationship) began to understand 
the activity. The teacher then began to pose questions to the students such as: 
If student X were on 
-
3, what would s/he have to roll to be eaten by the shark? 
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If student X were on 0, what would be the ideal roll of one positive and one 
negative number? 
How far is it from the ship to the shark? 
Are you better off rolling a high or low negative number? 
Approximately half the class became involved in the discussion, predicting 
movements and then watching the outcomes of the dice.  
While some of the class was involved in the lesson, the remainder of the 
students were not involved. For example, two students in particular were turned 
away from the teacher, talking and laughing. After multiple warnings requesting the 
students to pay attention, the teacher raised her voice at the students, telling them that 
their behaviour was disrespectful to everyone else in the room. This was a large 
disruption to the “Walk the Plank” hands-on activity, at which point the teacher 
chose to move the class on to the “Walk the Plank” worksheet. This cut the physical 
activity and the accompanying discussion short for the remainder of the class. In 
particular, there was no discussion regarding addition and subtraction of negative 
numbers (e.g., “1 + -4 = ?” or “4 - -3 = ?”). 
5. “Walk the Plank” worksheet 
To continue the abstraction phase of the lesson, students were given a 
worksheet based on the “Walk the Plank” game. The teacher requested that the 
students should not complete the section of the worksheet that was related to the 
addition and subtraction of negative numbers. The students quickly finished the 
worksheet and were ready for more work, so the teacher chose to write some similar 
questions on the whiteboard for the students to complete. After completing these 
questions, the students began to talk to their friends about non-mathematical topics. 
Some of these students were standing up to talk to their friends. 
6. Concluding activity 
The teacher then asked the students to sit down and copy the homework 
activity (extra equations to solve). The two students who were disruptive earlier in 
the lesson walked out of the room before the lesson ended, stating that they knew the 
bell would ring in the next few minutes. Another student argued with the teacher 
about copying down the homework. This concluded the lesson.  
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Post-lesson reflection 
After the lesson finished, the teacher reflected that the lesson did not end in a 
positive way. She would have liked to show the students their launch activity results, 
but did not have time. During this post-lesson reflection the teacher’s main focus was 
on the student who had argued with her about homework. The teacher commented 
that she was very disappointed in the student’s behaviour. The teacher did not 
mention the two students who were distracted and rude during the “Walk the Plank” 
activity and who walked out before the lesson ended. 
5.3.2 Analysis 
As with previous observations, the classroom environment of Lesson 
Observation 5 is discussed under the three dimensions: relationship, personal 
development, and system maintenance and change. 
Relationship 
The feature of involvement is discussed in terms of the launch activity and the 
content section of the lesson. 
The introduction of the lesson through the launch activity showed varied 
involvement. Initially students were involved, but soon became less so as they did 
not all understand the content. The teacher demonstrated specialised content 
knowledge that enabled her to try and help the students by linking the activity to 
equals as balance and by rephrasing the question for the students. There was 
involvement as the students were not sure of the content and were challenging the 
meaning of the question, evidenced by statements such as: “I don’t get question 5”. 
Once students were unable to complete the question easily, they began to become 
less involved. This did not allow the students to settle into the classroom. 
At the beginning of the content stage of the lesson the teacher initiated a 
whole-class discussion with the students. The teacher demonstrated clear specialised 
content knowledge and knowledge of content and teaching, which was associated 
with displayed confidence. This was evidenced by the development of examples of 
opposites in reality, and connecting this idea to mathematical words and symbols. 
This resulted in whole-class involvement, in contrast to the completion of the launch 
activity at the start of the lesson. During initial discussion of opposites, positives and 
negatives the students seemed involved and the teacher seemed to be equally 
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confident and knowledgeable. However, during the discussion related to the “Walk 
the Plank” activity involvement diminished. At the time the teacher did not appear to 
have adequate knowledge of content and teaching, evidenced by the unconfident 
manner in which the rules of the activity were presented. This apparent lack of the 
teacher’s knowledge was accompanied by disrespectful student behaviour and an 
overall negative classroom environment. 
Thus Lesson Observation 5 has provided additional insights into the 
continually developing discussion and examples of involvement. 
Personal development 
In the observed lesson the “Walk the Plank” activity was cut short, presumably 
due to poor student behaviour which was attributed to the teacher’s apparent lack of 
content and teaching knowledge. In this lesson, a poor level of task orientation was 
demonstrated due to this lack of knowledge. It appeared that the teacher had enough 
common content knowledge and specialised content knowledge of the mathematical 
concept, but needed to build knowledge of content and teaching to be able to 
effectively teach the activity with a high level of task orientation.  
System maintenance and change 
The features of order and organisation, rule clarity, teacher control, and 
innovation were all evident in Lesson Observation 5. 
The order and organisation of this lesson was varied. The teacher moved 
between clearly planned activities that demonstrated sound knowledge of content and 
teaching and specialised content knowledge (such as a the structured reality-based 
discussion), to activities that showed little clarity and poor knowledge of content and 
teaching (such as the hands-on activity). Due to this variance in order and 
organisation, the teacher did not gain respect from all the students resulting in 
negative student behaviour. 
This lack of order and organisation within the classroom seemed to have a 
domino effect: When there was weak knowledge of content and teaching within the 
classroom then the instructions to students were unclear, the students did not know 
their behavioural limits, and misbehaviour such as walking out of the classroom was 
observed. In this lesson, the launch activity did not settle the students into the lesson 
as designed, and the teacher expectations were not maintained. In this way, rule 
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clarity was not maintained throughout the lesson. Due to this lack of rule clarity, the 
teacher lost control of the class, evidenced by students walking out of the room 
against teacher instruction at the end of the lesson. 
This lesson was planned according to the innovation of the RAMR cycle, as 
was explored within Coaching Session 4. Despite this, the teacher did not 
demonstrate sound knowledge of content and teaching as after the “Walk the Plank” 
activity the learning was not linked back to reality, nor was the mathematics concept 
linked to another context as was planned. In doing so, the teacher did not complete 
the mathematics and reflection phases of the RAMR cycle, leaving no link to real life 
and limiting meaning to the students’ learning. This limited innovation in the 
classroom. This lack of link to reality may have contributed to the decrease in student 
involvement, and loss of respect for the teacher.  
5.3.3 Discussion 
In this lesson observation evidence regarding Conjectures A and C, which both 
relate to preparation, is discussed.  
Conjecture A tentatively claims that planning and preparation influences the 
classroom environment. The teacher developed a plan for this lesson, as 
demonstrated in Coaching Session 4, and attempted to follow this plan. When the 
plan was followed (e.g., in the reality-based discussion) students became involved 
resulting in a more positive classroom environment. When the teacher did not follow 
the plan (e.g., the mathematics and reflection phases of the RAMR cycle plan) the 
lesson did not follow the structured sequence and there was little relevance of the 
content for the students. This may have been the cause of negative student 
behaviours, and an overall negative classroom environment at the end of the lesson. 
Conjecture C tentatively claims that the teacher’s knowledge impacts planning 
and preparation. When the teacher had a clear knowledge of content and teaching 
and specialised content knowledge she demonstrated planning and preparation, as 
was observed within the initial whole-class reality-based discussion. An absence of 
the teacher’s knowledge of content and teaching was evident through unclear 
teaching and overall confusion in the “Walk the Plank” activity. Though the teacher 
knew the content, she was unsure of the specific pedagogical strategies related to the 
 144 Mathematics knowledge for teaching and the classroom environment 
activity. Once again this was due to her apparent lack of knowledge of content and 
teaching, which influences planning and preparation thus the classroom environment.  
Conjectures A and C both include the relationship between planning and 
preparation and the classroom environment. Conjecture C identifies that planning 
and preparation is somewhat influenced by the teacher’s knowledge of content. In 
this lesson observation, though the teacher was prepared, she did not have the 
knowledge of content and teaching for each activity, and therefore the classroom 
environment was negatively impacted. These two conjectures are further built upon 
in following data gathering events. 
5.4 COACHING SESSION 5 
In Lesson Observation 5 the classroom environment appeared to be negatively 
impacted by the teacher’s weak knowledge of content and teaching which also 
negatively influenced her planning and preparation. This coaching session began 
with the teacher reflecting on her use of the RAMR planning template, building upon 
Conjecture C. Then, pedagogical strategies to continue student involvement until the 
end of the lesson were discussed with the teacher, building upon Conjecture B that 
the teacher’s understanding of pedagogy influences the classroom environment.  
5.4.1 Session description 
Teacher reflection 
During Coaching Session 4 the classroom teacher had worked with the 
researcher to plan several lessons using the RAMR cycle template, one of which was 
observed in Lesson Observation 5. The teacher commented that after using the plans 
for a non-observed lesson, she found the RAMR planning template beneficial and 
aimed to use it consistently. The teacher reflected that structuring her planning using 
the RAMR planner had seemed to contribute to whole-class involvement. The 
researcher questioned why the teacher had not completed the planned RAMR cycle 
during Lesson Observation 5, to which the teacher responded that she did not have 
enough class time to complete the final reflection activity, nor did she have enough 
time to display the launch activity results to the students. The teacher commented 
that in future she will need to develop a deeper understanding of teaching strategies, 
such as the “Walk the Plank” activity, prior to using them in a lesson. 
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Topical discussion 
During Lesson Observations 4 and 5, activities in the reflection phase of the 
RAMR cycle were lacking in the teacher’s planning, and those that were planned 
were not used. Because of this, the researcher chose to focus this coaching session on 
the reflection phase of the RAMR cycle. 
Reflection activities 
The researcher shared her observation with the classroom teacher that students 
who had finished their work quickly and correctly often did not have additional 
activities to continue working on. It was seen during each observation that the 
classroom teacher gave the students additional sums to fill time (i.e., continuation of 
the mathematics phase), rather than providing activities which would allow students 
to reflect their learning back to their reality. The classroom teacher was aware of the 
issue, but did not want to start a new concept or activity, as she did not want the 
students who worked at a slower pace to miss out. The researcher suggested to the 
classroom teacher that a reflection of the students’ learning through a logic puzzle or 
challenge question may increase involvement for those who completed their work 
quickly, instead of providing more routine questions. Through such reflection 
activities, students would have the opportunity to structure and transfer their 
knowledge, participate in learning, and this in turn might further develop teacher-
student respect. The classroom teacher acknowledged this idea, and said she would 
consider it for an end-of-lesson activity.  
5.4.2 Analysis 
During the discussion between the teacher and the researcher the focus was on 
the relationship dimension. The dimensions of personal development and system 
maintenance and change were not discussed. 
Relationship 
The relationship features of involvement and teacher support were discussed in 
this coaching session. In this coaching session the researcher and teacher discussed 
pedagogical strategies for reflection activities. Through the use of strategies such as 
logic puzzles or challenge questions, students who had finished the lesson content 
could continue to be involved in the classroom. These activities have to potential to 
retain involvement for students who finish their work quickly in class, while 
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allowing those who need additional teacher help to have teacher support. This is a 
potential way to increase both student involvement and teacher support in the 
classroom. 
5.4.3 Discussion 
In this coaching session the teacher reflected on the RAMR planning guide, 
and the researcher prompted a discussion on pedagogical strategies.  
The RAMR planning guide is a tool that the teacher reflected that she found 
beneficial for planning and preparation. It was identified that if the teacher develops 
her knowledge of content and teaching she could provide students with a clearer 
understanding of what is expected of them. This builds upon the influence that 
knowledge of content and teaching has on planning and preparation as identified in 
Conjecture C. 
Reflection activities were discussed to increase involvement, and in doing so 
developed the teacher’s knowledge of content and teaching. In order to effectively 
use reflection activities, the teacher needs to know the students’ level of content 
knowledge and their ability to complete an activity without constant teacher 
assistance. By developing such an activity students may become more involved, thus 
the classroom environment may become more positive. This builds upon Conjecture 
B, that the teacher’s understanding of pedagogy influences the classroom 
environment. 
The building upon the tentative conjectures developed in Phase 1 will continue 
in the following data gathering events.  
5.5 COACHING SESSION 6 
In Coaching Session 2 the launch activity was introduced to the teacher, and in 
Lesson Observation 3 this pedagogical strategy was first observed. Since its 
introduction it has been used as a tool to settle students into the classroom, and has 
led to the development of clear expectations and further, a positive classroom 
environment. The launch activity has contributed to evidence in all conjectures, but 
in particular, Conjecture B. With this in mind, this coaching session was initiated to 
discuss future launch activities for implementation at the start of Term 4. 
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5.5.1 Session description 
Teacher reflection 
At the start of the session the teacher acknowledged the benefits of the launch 
activity (such as settling the students into the classroom) but admitted that she was 
not administering it in the designed way. That is, the same activity was not always 
completed for each lesson of the week. The researcher suggested that this could be 
because the students may not have covered the content before and the teacher chose 
an alternate activity. It was suggested by the researcher and that the teacher and the 
researcher could work together on the content of the activities. The researcher also 
commented that a pedagogical tool that could lead to increased involvement could be 
used: the interactive whiteboard (IWB). 
Topical discussion 
In order for the researcher to develop launch activities, the content and manner 
in which the IWB could be used were discussed. 
Launch activity discussion 
To begin the discussion on the launch activity the teacher and researcher 
considered the relevant content. Working through the module booklet, the teacher 
and the researcher together identified various concepts that could be good activities 
for consolidation of past learning. It was decided that the first activity would focus 
on writing number sentences for varying representations of additive operations, and 
the second activity would focus on repeated addition as an introduction to 
multiplication. It was agreed that further activities would be discussed at a later date 
to ensure the content was relevant to the students’ learning needs.  
The second part of the discussion was with regard to the use of the IWB as a 
tool to encourage involvement by the students in the launch activity and to give the 
students more responsibility. It was decided that the launch activity would include a 
displayed activity for the students to read, and a handout to write the answers on. 
This was a less scaffolded activity, allowing students to be in charge of their own 
learning. The teacher was keen to “see how they would go” with this less structured 
launch activity. It was decided that the researcher would also create this new launch 
activity. As there was an IWB available in each room the teacher taught this class in, 
the overall structure of using the same launch activity for three consecutive lessons 
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could be maintained. The launch activities discussed in this coaching session are 
presented in Appendix G. 
5.5.2 Analysis 
Analysis of the dimensions of relationship and system maintenance and change 
are presented in the following sections. The dimension of personal development was 
not observed in Coaching Session 6. 
Relationship 
In this section the relationship features of involvement and teacher support are 
discussed.  
The teacher and researcher felt that the use of the IWB within the classroom 
could have the potential to encourage student involvement in the launch activity. Due 
to the inclusion of the IWB, the activity would become more complex. This was 
because the students could no longer simply read the question and write the answer 
next to it; they would need to read the information on the IWB screen, and transfer 
their answer to the handout. This may require more work from the students, which 
may impact their involvement in the activity negatively, and therefore impact the 
remainder of the lesson in the same way. On the other hand, giving students more 
responsibility, and showing trust and respect for the students could further develop 
teacher-student relationships, and so positively impact the classroom environment. 
Discussion also identified that this new style of launch activity may require the 
teacher to provide more support to students. Clear instructions will need to be given 
initially to ensure the students know what they are doing. As this is a planned 
activity, the teacher felt she would also need to ensure she has adequate specialised 
content knowledge as well as relevant knowledge of content and teaching. Even 
though the teacher did not create the activities herself, she believed she would need 
to be able to explain any errors to the students to ensure they understand the concept. 
As identified in the analysis of previous data collection events, there is evidence that 
the teacher’s prior lack of specialised content knowledge and knowledge of content 
and teaching was associated with the lack of teacher-student respect and negative 
relationships. By developing her knowledge, the teacher can pre-empt this negativity.  
In developing the launch activity to include the IWB and to give the students 
more responsibility, involvement and teacher support may be impacted. 
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System maintenance and change 
In this dimension, the features of rule clarity and teacher control are discussed 
with regard to the launch activity. 
It has been observed within previous lessons that the launch activity provides a 
structured beginning to a lesson. If teacher expectations are made clearly and are 
maintained (i.e., if there is rule clarity), it sets the tone for the remainder of the 
lesson. If this tone could be maintained, any problems with behaviour may be 
reduced which ensures the teacher remains in control.  
Providing the students with more responsibility also impacts teacher control, as 
some control has been given to the students. This will require a clear set of 
guidelines for the students to follow in order for behaviour to remain positive. 
Thus the launch activity has the potential to influence system maintenance and 
change through its impact on rule clarity and teacher control. 
5.5.3 Discussion 
It was identified that the launch activity has contributed to evidence of each 
conjecture, but more specifically Conjecture B: the teacher’s understanding of 
pedagogy (i.e., knowledge of content and teaching) influencing the classroom 
environment. 
In developing the teacher’s knowledge of content and teaching the launch 
activity was adapted. The use of the launch activity in previous lesson observations 
had been beneficial to both settling students into the classroom, and providing 
students with expectations. It has been observed that these expectations often remain 
for the rest of the lesson if they are maintained by the teacher. Although the original 
launch activities seemed to provide order in the classroom, using a less scaffolded 
activity such as the one discussed in this coaching session would enable the teacher 
to set higher expectations for the students. The use of the new launch activity will be 
observed in the next lesson observation. 
5.6 COACHING SESSION 7 
This coaching session took place in the first week of a new term (Week 1 Term 
4). This coincided with the beginning of Module O2 – Multiplicative Whole Number 
Operations. When this session was conducted the class had completed the pre-test 
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but the teaching of the first unit of the module had not yet begun. The researcher 
decided that this coaching session should focus on: (a) developing content and 
curriculum knowledge, and (b) exploring pedagogical strategies to teach this content. 
This will influence Conjectures B and C.  
5.6.1 Session description 
Teacher reflection 
The teacher commented that she had used the first lesson of the term to 
complete the pre-test for the O2 Module, but she had not had the opportunity to 
review the students’ responses and so had not determined the students’ prior level of 
understanding.  
Topical discussion 
The researcher decided it was important to go through the content of the new 
module, as well as pedagogical strategies to support the teacher in the future lessons, 
to familiarise the teacher with the content and its associated pedagogy. 
Content and curriculum knowledge 
To teach the new module of work, the classroom teacher needed to develop her 
understanding of the content within the module. The O2 Module extends operations 
from addition and subtraction to multiplication and division, and follows a similar 
structure to the previous module. The teacher was advised that she should read over 
the overall structured sequence of the module prior to teaching it in order to gain a 
comprehensive understanding of both the content and the sequence in which it was to 
be taught; that is, develop her knowledge of content and curriculum and her 
specialised content knowledge in order to support her use of knowledge of content 
and teaching in the classroom. 
Pedagogical strategies 
When introducing the O2 Module, before beginning any units of work, it was 
also suggested that the creation of a visual display of knowledge (e.g., a mind map or 
word wall) to allow the students to explain their prior knowledge of multiplication 
and division might be beneficial. This would help inform the teacher of students’ 
understandings and/or misconceptions regarding multiplicative thinking and so 
develop her knowledge of content and students.  
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The researcher discussed a pedagogical strategy that may ensure involvement 
remains high in the classroom. Throughout the O2 Module, various representations 
of multiplication and division are explored. It was suggested by the researcher that 
the teacher use digital technologies within the classroom to give students the 
opportunity to share their knowledge. One idea was to allow students to create a 
digital presentation, showing a sequence of their understanding of a multiplicative 
calculation. The teacher commented that this could allow students to work in groups 
without constant teacher supervision, giving them some independence. The teacher 
said that she was going to use this pedagogical strategy in the next researcher 
observed lesson. An example of such a digital presentation is included within 
Appendix H.  
5.6.2 Analysis 
In the following sections two dimensions of the classroom environment are 
discussed: relationship and system maintenance and change. The personal 
development dimension was not evident in this coaching session. 
Relationship 
The relationship features of affiliation and teacher support were evident in 
Coaching Session 7. 
Through the discussion of a computer-based activity, the teacher was able to 
identify how the technology could be used to enhance students’ understanding of the 
mathematical content in a pedagogically appropriate and effective way (i.e., she 
developed her knowledge of content and teaching). During this discussion the 
teacher commented that the use of a digital presentation might have the potential to 
involve students in peer collaboration in a positive and non-threatening environment. 
Through the teacher’s comments, it could be assumed that affiliation may be 
observed in the next data gathering event.  
The classroom teacher admitted that she did not have a deep and thorough 
understanding of mathematics content; she had common content knowledge, but only 
limited understanding of the relevant specialised content knowledge (i.e., 
understanding the connections between mathematical concepts which would benefit 
her understanding of the structured sequence of ideas). The structured sequence of 
the O2 Module was discussed in this coaching session, along with the use of a new 
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ICT-based pedagogical strategy. These discussions allowed the teacher to increase 
her specialised content knowledge, knowledge of content and curriculum and 
knowledge of content and teaching, developing her ability to provide support to 
students. It has been identified in analysis of Lesson Observations 1 to 5 that as the 
knowledge of the observed teacher increased she seemed to become more confident 
in her teaching and the classroom environment became more positive. 
Through the development of the teacher’s knowledge of pedagogy and content, 
both affiliation and teacher support may be observed in the next lesson observation. 
System maintenance and change 
In this coaching session the feature of order and organisation was observed. To 
maintain order and organisation, the teacher needs to provide the students with a 
clear understanding of what is expected of them and how to complete activities. This 
requires the teacher to develop her knowledge of content and teaching, and 
specialised content knowledge. For the particular activity that the teacher is going to 
adopt, behavioural expectations need to be clear and enforced. This will aid in the 
maintenance of order and organisation.  
5.6.3 Discussion 
In this coaching session there was a focus on the development of knowledge: 
first, content knowledge building on Conjecture C; and second, pedagogical 
knowledge building on Conjecture B. 
Knowledge of content, specifically specialised content knowledge, is 
something the teacher has reported herself as “struggling” with in the past. The 
researcher has provided the teacher with support to build this knowledge. In using an 
activity such as the digital presentation the teacher requires clear specialised content 
knowledge, as explanations between connections of mathematical ideas may need to 
be given to students. This is dependent on the manner in which the students complete 
the activity; some students may think “outside the box” and the teacher will need to 
support these students. Thus, the knowledge of content could significantly impact 
teacher support when the activity is implemented. In addition to this, strategies in 
which to explain this content are also required. This builds upon Conjecture C, that 
is, that the teacher’s common content knowledge and specialised content knowledge 
impact her knowledge of content and teaching and thus the classroom environment. 
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The teacher needed to develop her knowledge of content and teaching to 
understand the pedagogy with which to implement the innovative strategy. As 
observed within previous lessons (e.g., Lesson Observation 3), when the teacher 
demonstrated higher levels of knowledge of content and teaching, the students 
became more involved in the activity, which in turn developed positive relationships 
with the teacher. Using the digital presentation has the potential to develop positive 
relationships with students if the pedagogical strategy is delivered in a clear and 
prepared way. This builds upon Conjecture B, developing the idea that the teacher 
needs knowledge of content and teaching to implement effective classroom 
pedagogy that could positively influence the classroom environment. Teacher 
knowledge of both content and pedagogy was explored within this coaching session 
with the aim of developing relevant activities for students that would create a 
positive classroom environment. In doing so, Conjectures B and C were built upon, 
further identifying their significance.  
5.7 LESSON OBSERVATION 6 
It was noted within Coaching Session 7 that the teacher had moved onto a new 
module of work. Since Coaching Session 7 five lessons were conducted, in which the 
first unit of work had been covered. The focus of this lesson moved from the 
multiplication of small whole numbers to the division of small whole numbers. In 
this lesson observation Conjectures A and C are further built upon. 
5.7.1 Lesson description 
Lesson plan 
In Coaching Session 7 the teacher commented that she was going to use the 
digital presentation activity in this lesson. The teacher had not used it before, as she 
wanted an additional teacher-type figure in the classroom to help. The teacher gave 
the researcher a brief verbal plan as she entered the room: (1) homework activity, (2) 
launch activity, (3) digital presentation, and (4) introduction to division. 
Lesson account 
The lesson was composed of the following sections: (1) setting up the lesson, 
(2) homework activity, (3) launch activity, (4) an introduction to division, and (5) a 
fill-in activity. 
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1. Setting up the lesson 
This lesson was not in the usual classroom in which the researcher had 
previously observed the students; instead the lesson was in a computer room. The 
teacher asked all students to put their bags at the front of the room, to get out their 
pencil case and their book and to sit in the front three rows of the computer room. 
Most students did as asked, but some did not sit close to the front of the room. The 
teacher asked these students to move closer to the front. 
2. Homework activity 
To begin the lesson, the teacher worked through the students’ homework. This 
was a series of reality-based questions in which the students were required to identify 
if each story was additive or multiplicative. The class worked through each question 
to determine the answer, with various students giving input. This involved all the 
students with the lesson, as the teacher called on individual students to come to the 
front of the room and write visual representations on the board, examples of which 
are depicted in Figure 5.5. All students participated in this activity and were praised 
for their involvement. 
 
Figure 5.5. Lesson Observation 6: Homework activity work through. 
3. Launch activity 
Once the homework activity was completed, the teacher moved students on to 
the launch activity. This was the first lesson observed in which the students used the 
IWB-based launch activity that had been previously discussed in Coaching Session 
6. This activity (depicted in Figure 5.6) focused on applying the repeated addition 
meaning of multiplication: Students were required to convert function machines and 
repeated function machines to equivalent multiplication number sentences. The 
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launch activity is intended to cover content that has been previously taught to the 
students, however the content of this launch activity had not yet been covered, so the 
launch activity was not implemented in the way that it was designed. In addition to 
this, the teacher commented that students had not previously completed the launch 
activity despite the fact that it was the third lesson of the week.  
 
Figure 5.6. Lesson Observation 6: Launch activity and hand out. 
Despite the prior planning for the launch activity completed in Coaching 
Session 6 (three weeks prior), the teacher commented that the content within this 
launch activity was not content that the students had covered explicitly within class 
and many students did not understand how to complete the activity. The teacher 
rephrased the question for the students, identifying that each function machine 
needed to be expressed as a multiplication number sentence. This did not seem to 
help all students so the researcher wrote the process of the first question on the 
whiteboard, as shown in Figure 5.7, demonstrating the relationship between repeated 
addition and multiplication.  
Question 1: 
2 + 2 + 2 = 6  or 2 × 3 = 6 
Figure 5.7. Lesson Observation 6: Launch activity Question 1 guide. 
Once the students understood how to complete the activity, they did so. The 
teacher and the researcher moved around the classroom ensuring that students had 
sufficient understanding of how to complete the activity and helping any students 
who needed it. Once all students had completed the activity one student was then 
selected to put the answers on the board. This activity took approximately 30 minutes 
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to complete, which was much longer than the 10 minutes that was anticipated by the 
teacher. 
4. Introduction to division 
At this stage of the lesson, the teacher had planned to work with the computers 
to develop a digital presentation of a multiplicative calculation (the activity which 
was discussed with the teacher in Coaching Session 7). As the homework and the 
launch activity had taken most of the lesson the teacher chose to postpone the digital 
presentation activity to the following week. Instead, she deviated from the suggested 
structured sequence by beginning a short early division activity. The students were 
not aware that a computer-based activity had been skipped.  
To explore early division, the teacher initiated a discussion on the partitioning 
meaning of division using concrete materials. The teacher instructed the students to 
move away from the computers and sit as a group in an empty space in the 
classroom. Here the teacher prompted an initial discussion on reality, identifying the 
meaning of division and how it is seen within the students’ real life. The majority of 
the class participated in this discussion.  
After the discussion, the teacher introduced a partitioning activity, in which 
packets of chocolate bars needed to be shared among groups of various sizes. The 
teacher and the students discussed a “fair” division and an “unfair” division and 
acted each situation out using the chocolate bars. To end the activity the chocolate 
bars were shared evenly amongst the class. 
5. Fill-in activity 
As there was ten minutes remaining in the lesson, the teacher allowed the 
students to use the computers to play “Sum Dog”, an online maths program that the 
students enjoyed.  
Post-lesson reflection 
The teacher was quite happy with the lesson, and was keen to get the students 
started on smaller number division. She was slightly disappointed that students were 
unable to do the computer activity, but was going to use it for division in the next 
researcher-observed lesson. The teacher also commented that she did not use the 
RAMR cycle in the lesson, as she wanted to get those activities completed before the 
end of the week. 
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As there would be no opportunity for a coaching session before the next lesson, 
the researcher and teacher briefly discussed good content for the launch activity for 
the following weeks. The classroom teacher had found that students knew how to do 
single-digit multiplication, but were not fluent at it and therefore needed some 
practice. This was below a Year 8 standard. It was decided that launch activities 
involving single-digit multiplication would be a good opportunity for students to 
practise this knowledge in the next week. These activities are presented in Appendix 
I. 
5.7.2 Analysis 
Each of the dimensions of the classroom environment (i.e., relationship, 
personal development, and system maintenance and change) is discussed in the 
following sections. 
Relationship 
The relationship features discussed in this section are involvement and teacher 
support. 
As discussed throughout Phase 2, when the teacher planned the activity and 
appeared to have a high level of specialised content knowledge and knowledge of 
content and teaching, the students become more involved and consequently the 
classroom environment appeared to be more positive. This was once again evident 
during the second section of this lesson observation. The homework activity aimed 
for whole-class collaboration to answer questions. Throughout the homework 
activity, the teacher showed confidence in her specialised content knowledge and 
knowledge of content and teaching, as she was using an effective pedagogical 
strategy to involve students in the content in a relevant and clear manner. The whole 
class became involved in drawing additive or multiplicative images on the 
whiteboard. This developed a positive relationship between the teacher and the 
students. A similar instance occurred in section 4 of the lesson. The teacher 
demonstrated knowledge of the content required for the activity (i.e., the various 
ways in which division can be seen in the real world), as well as knowledge of 
pedagogy (i.e., the strategy the teacher was going to use to introduce division). This 
clarity of knowledge demonstrated by the teacher showed confidence and students 
acted in a positive manner demonstrating involvement. 
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In the third section of the lesson, the launch activity, the teacher lacked 
knowledge of content and pedagogy, and her support was limited. The content in the 
activity had not been previously taught to the students, and this caused some 
confusion. Students were becoming rapidly distracted, and the teacher was not able 
to provide sufficient support for the students, which caused the researcher to 
intervene and explain the activity to the class. Once the researcher explained the 
activity, restoring order, the students were able to complete the task. In this instance 
the teacher lacked the appropriate knowledge and was unable to provide adequate 
support. 
This provides further insights into the features of involvement and teacher 
support. 
Personal development 
Before the lesson began, the teacher verbalised a brief plan to the researcher 
consisting of four major activities: the homework activity, the launch activity, 
creation of a digital presentation and the introduction to division. Due to 
unanticipated time taken to complete the launch activity, the teacher chose not to 
attempt the digital presentation activity. The task orientation of this lesson, that is the 
manner in which a teacher purposefully follows a lesson plan, was impacted as 
activities had to be removed. When this occurred the sequence of mathematical ideas 
covered in the lesson became disconnected, and the lesson could, from a cognitive 
perspective, be described as lacking structure. Thus task orientation was fractured in 
this lesson, as one activity was removed and the activities planned did not follow the 
structured sequence. 
System maintenance and change 
During the third section of the lesson (the launch activity) neither the teacher 
nor the students had a clear understanding of the content. This demonstrated poor 
order and organisation. This was a pre-planned launch activity so the teacher knew 
weeks before using it that the content would cover repeated addition as 
multiplication. Despite this, the teacher had not taught the content prior to the 
implementation of the launch activity; content that should have been taught in the 
first RAMR cycle of the current module of work. This demonstrated a lack of order 
and organisation within the teacher’s planning. Additionally, the launch activity was 
not used for its intended purpose, that is, to settle students into the classroom and 
 Chapter 5: Data and Analysis Phase 2 159 
prepare them for learning. Instead, the launch activity was used part way into the 
lesson. This resulted in a fractured sequence of mathematical ideas throughout the 
whole lesson, moving from additive and multiplicative operations, to introductory 
multiplication, to the final activity of division. Again, this demonstrates lack of 
knowledge of the structured sequence and poor order and organisation.  
Further insights have been provided into the teacher’s order and organisation, 
or lack thereof, in this lesson. 
5.7.3 Discussion 
Lesson Observation 6 has built on the ideas within Conjectures A and C. Each 
is discussed in turn in the following paragraphs. 
The teacher began the lesson with a plan of what she wanted to do. In teaching 
according to her plan she demonstrated clear knowledge of common content and 
knowledge of content and teaching for the majority of the lesson. This was observed 
in both the homework activity and the division activity. Associated with this order 
and organisation in the classroom was the students’ demonstration of involvement 
and good behaviour. This continues to build on the idea that planning and 
preparation impacts the classroom environment, that is, Conjecture A. 
Conjecture C has so far identified that the teacher’s common content 
knowledge, specialised content knowledge, and knowledge of content and teaching 
influence planning and preparation which in turn influences the classroom 
environment. Further evidence of this link is demonstrated sections 2 and 4 of 
Lesson Observation 6. In both stages of the lesson the teacher had clear knowledge 
and was able to follow a plan clearly, resulting in high levels of student involvement.  
Building on Conjecture C, it was identified in the launch activity that when the 
teacher did not appear to have a sound understanding of the required specialised 
content knowledge students instantly became uninvolved, and a negative classroom 
environment developed, as seen in section 3 of the observed lesson. But when clarity 
was restored, it resulted in a positive classroom environment. For example, the 
teacher was not able to clearly explain the connection between addition and 
multiplication or the use of the function machine and students began to talk and not 
participate. The researcher helped the class understand the concept, the activity 
became clear, and students became involved again. This demonstrates a direct link 
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from common content knowledge and specialised content knowledge to the 
classroom environment. This highlights a development to Conjecture C. Upon 
reflection this direct link has been seen previously. For example, in Lesson 
Observation 1 when the teacher was unable to describe the answer to a test question, 
students became immediately disengaged. This was also observed in the launch 
activity in Lesson Observation 5, when the teacher did not explain “equals as 
balance” to the students. Again in these circumstances there was a direct link 
between content knowledge and the classroom environment.  
As a whole, this lesson demonstrated varied teacher knowledge. The teacher 
showed confidence in her knowledge of content and teaching for some parts of the 
lesson. When the teacher demonstrated confidence, such as in the homework activity, 
students were involved within the classroom and behaved positively, resulting in a 
positive classroom environment. When the teacher lacked knowledge of content, such 
as in the launch activity, and before the researcher intervened to provide clarity to the 
students, the classroom environment became instantly negative. This lesson 
observation has therefore built upon Conjecture A and further developed Conjecture C. 
5.8 LESSON OBSERVATION 7 
The content of the final lesson observed by the researcher focused on the 
division of larger whole numbers, and fell within Unit 5 of the operations module 
(O2 Module). During Lesson Observation 6 it was highlighted that the classroom 
environment became positive when the teacher had sound knowledge of content and 
teaching and specialised content knowledge. Within this observation, there is a focus 
on teacher knowledge with the aim of providing further evidence to substantiate the 
conjecture that teacher knowledge positively impacts the classroom environment.  
5.8.1 Lesson description 
Lesson plan 
The researcher was not provided with a plan for this lesson. It was assumed 
that the digital presentation activity would be used, given in the previous lesson 
observation the teacher had commented that she would attempt to use the activity in 
the next observed lesson. 
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Lesson account 
The content that was covered in this lesson came from the O2 Module, and 
focused on larger number division. The lesson was separated into five sections: 
(1) setting up the lesson, (2) the launch activity, (3) the introduction of larger number 
division, (4) a group-work activity using larger number division, and (5) homework 
for the following lesson. Each section of the lesson is described sequentially. 
1. Setting up the lesson 
This lesson was in a computer room; this required the students to leave their 
bags at the front of the room. The teacher instructed them to get their notebooks and 
their pencil cases out of their bags before sitting down.  
2. Launch activity 
This lesson began with the students completing a launch activity. As discussed 
in the previous weeks, the launch activity was designed to be used as a consistent 
activity spanning across three lessons within a week to settle the students into the 
classroom and provide initial success. In this lesson, the launch activity used the 
IWB to practise multiplication with the use of a multiplication grid. Figure 5.8 
depicts what the students should have seen on the IWB and the handout that should 
have been given to them so they could complete the activity. Instead of using the 
designed launch activity, however, the teacher used the same mathematical concepts 
to create the launch activity worksheet depicted in Figure 5.9. This was used instead 
of the IWB-based activity. 
 
Figure 5.8. IWB-based launch activity and handout. 
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Figure 5.9. Lesson Observation 7: Student attempt of multiplication grid launch activity. 
Once the multiplication grid launch activity was handed out to students and 
gave them time to complete it. The students had not received the launch activity in 
the previous two lessons for the week; this is the second time this lack of consistency 
with regard to the use of the launch activity has been observed. There were no 
instructions for the launch activity on the handout, nor did the teacher give any 
instructions verbally. Not all students were sure how to complete the activity and 
asked for clarification. Instead of giving instructions to the whole class, the teacher 
chose to help the individual students who were confused. The researcher also helped 
students who did not understand the activity. Once explained, most students worked 
through this activity, except for three girls who refused to participate.  
The launch activity, which was planned to be a 10-minute settling activity, 
lasted approximately 30 minutes. To finish the activity, the teacher drew up the two 
multiplication grids on the whiteboard and went through the answers with the 
students. Most of the students were keen to give their answers. Two of the girls who 
had not participated were called upon to give their answers. Both students were able 
to give correct answers, which highlighted that despite their non-participation they 
had some understanding of single-digit multiplication.  
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3. Larger number division introduction 
Within the next stage of the lesson the teacher began to introduce larger 
number division. To revise students’ past knowledge, a number sentence was written 
on the board identifying the quotient, dividend and divisor, presented in Figure 5.10. 
 
Figure 5.10. Lesson Observation 7: Dividend, divisor and quotient relationship. 
These terms were briefly explained to the students in layman’s terms, for 
example: 
Dividend – the total amount you have, or the largest number (product) 
Divisor – the number of groups the dividend is being split into (factor) 
Quotient – the number within each group (factor) 
The teacher and students then determined that, multiplying the quotient and the 
divisor, the answer is the dividend. Using the IWB, the teacher projected three 
different larger number worded division problems and worked with the students to 
identify the dividend, divisor and quotient, as depicted in Figure 5.11. 
The school is planning a field trip. There are 450 students and 50 
seats on each school bus. How many buses are needed to take the 
trip? 
Figure 5.11. Lesson Observation 7: Worded division problem 1. 
Collaboratively, the teacher and the students used this information to create a number 
sentence, again identifying the three sections of the problem, illustrated in Figure 
5.12. 
450 students ÷ 50 per bus = 9 buses 
therefore: 450 ÷ 50 = 9 
Figure 5.12. Lesson Observation 7: Worded division problem 1 abstraction. 
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The teacher and the students repeated the first steps of this process for a second 
division story, identifying the dividend, divisor and quotient, as depicted in Figure 
5.13. 
Mr Smith had $6608 in his bank account, and split it evenly 
among his 16 grandchildren. How much money did each 
grandchild receive?  
Figure 5.13. Lesson Observation 7: Worded division problem 2. 
The teacher then instructed the students to break into groups and work through the 
problem themselves. 
4. Larger number division group-work activity 
The students broke into three groups: one group worked with the teacher, one 
with the researcher, and one with a student teacher. The same three girls who did not 
participate in the launch activity again refused to participate in this activity. 
All students in the group who worked with the researcher had previously been 
identified as students with a positive teacher-student relationship. To begin the 
activity, the students identified how much money needed to be shared into the 
appropriate number of groups ($6608 shared among 16 “groups” or grandchildren), 
and then they proceeded to draw out groups for sharing the money into in their 
notebooks. This was a time-consuming process, as they first gave each group 
(grandchild) $500, and progressively lowered the amount; that is, the students relied 
on a “guess and check” type of strategy. The students appeared to enjoy themselves 
when finding the solution to the problem, as they were continuously working 
together and smiling when they got closer to the answer. This “guess and check” 
strategy worked well for these students. 
The second group of students worked with the classroom teacher. They also 
used a “guess and check” strategy to find the answer. Their “guesses” differed from 
the first group as instead of beginning at $500 per group/grandchild and working 
down, this group began with $200 per group/grandchild and worked up. As with the 
first group of students, enjoyment was evident and students were proud of their 
response. 
A third group of students worked with the student teacher and used the 
algorithmic method of long division. This group was also quite proud of their ability 
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to achieve the answer, and found that their strategy was a lot quicker than the 
remainder of the class. The classroom teacher commented that each of these were 
valid strategies to solve the problem.  
5. Homework 
To conclude the lesson, the teacher asked the students to create two 
multiplication or division stories for homework. To ensure the students understood 
what this meant, each student had to show that they had written down the homework 
and explain it to either the classroom teacher or the researcher. 
Post-lesson discussion 
The teacher was content with this lesson; she had aimed to get students to 
develop their own strategy of solving a division problem, and most students 
participated. She was not worried about not using the digital presentation activity as 
she felt students achieved the same result through the paper-based written activity. 
The teacher commented that she felt there was no need to attempt the digital 
presentation activity in a future lesson. Overall the teacher was happy with the lesson 
outcome. 
5.8.2 Analysis 
The three dimensions of the classroom environment are each discussed in the 
following sections: relationship, personal development, and system maintenance and 
change. 
Relationship 
The relationship features discussed in this section are involvement and teacher 
support. 
The teaching and learning style of the group-work activity was positive within 
the classroom, and there were high levels of involvement. This was possibly due to 
the teacher’s sound knowledge of content and teaching which allowed student-
centred learning, as well as her confidence in her specialised content knowledge that 
allowed her to provide teacher support. This promoted positive teacher-student 
relationships within the classroom and developed mutual respect. This style of 
teaching is well suited to the philosophy of the curriculum project and the innovative 
RAMR pedagogy. 
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Through the acknowledgement of students’ prior knowledge, the teacher 
showed respect for the students. This also meant that the teacher needed to provide 
support in a different way. This could be seen through the probing questions used to 
start the activity as well as providing students in their groups the opportunity to solve 
the problem without being told the answer. 
This provides additional insights into involvement and teacher support. 
Personal development 
Within her plan, the teacher had aimed to use a digital presentation to show 
various representations of solving a division problem. Though the technology was 
not used, the same concepts were taught effectively in the classroom. Effectively 
changing the pedagogy highlights that the teacher had knowledge of content and 
teaching, and was able to adapt her classroom pedagogy. This demonstrates task 
orientation, as the teacher was able to cover the content, but used a different 
pedagogy.  
System maintenance and change 
In this section, the features of order and organisation and innovation are 
discussed with regard to the observed classroom. This analysis provides additional 
examples of each feature. 
The launch activity was designed for consistent use within every mathematics 
lesson to show an increase in achievement. The activity was not being used in this 
manner and, as described in section 2 of the lesson, the lack of order and organisation 
of the activity reduced student involvement. Though the teacher had common content 
knowledge, she did not have sound specialised content knowledge or knowledge of 
content and teaching to adequately explain the launch activity to the students. This 
caused the activity to take additional time; students who were waiting for others to 
finish their work became restless and participation lessened. The teacher noticed the 
environment was becoming negative; she asked students as a whole to work through 
the answers and students began to participate in the activity.  
Despite this initial difficulty with order and organisation, the teacher clearly 
introduced the concept of division and allowed students to work collaboratively, 
using their own prior knowledge to solve a problem. The teacher showed confidence 
by the manner in which she used this pedagogical strategy, allowing the students to 
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use their prior knowledge to explore a new mathematical concept, demonstrating 
confidence in her knowledge of content and students. 
This was an innovative lesson in which student-centred learning featured. The 
students had control over their learning as they shared enjoyment in their self-earned 
success of completing hard work. Throughout this activity the teacher allowed the 
students to use their own experiences to solve a problem. When involved in group-
work, the students showed enjoyment in solving a problem the way they thought it 
should be solved, as opposed to solving it in a teacher-instructed way. Through this 
innovation the classroom environment became positive. 
In the observed lesson the features of order and organisation and innovation 
were demonstrated, both of which were dependent on the teacher’s knowledge. This 
has built upon the exemplification of the system maintenance and change dimension. 
5.8.3 Discussion 
Lesson Observation 7 represented a positive classroom environment. The 
major theme within this lesson reflected that of this study: a positive classroom 
environment is dependent on the knowledge of the teacher. On the whole students 
were involved in the classroom and showed high levels of enjoyment. Once again, a 
positive display of teacher knowledge was associated with the teacher’s confidence, 
positive teacher-student relationships and the gaining of mutual respect resulting in 
positive classroom environment.  
5.9 CONJECTURES 
In Phase 1, the data and analysis focused on the exemplification of the features 
of classroom environment. The analysis highlighted the relationships and overlaps 
between the features, which reflects what is reported in the literature (Boren et al., 
2011; Zedan, 2010). Based on the analysis it emerged that the teacher’s knowledge 
appeared to be a substantial influence on the classroom environment. This influence 
was summarised as three tentative conjectures at the end of Phase 1.  
In Phase 2, the data and analysis attempted to refine these conjectures by 
adopting Ball et al.’s (2008) MKT model to consider the influence of teacher 
knowledge. In the following subsections the evidence-based refinements to the 
original conjectures are presented and then discussed with specific reference to the 
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influences of the knowledge types put forward by Ball et al. (2008). Links to 
literature are also presented in the discussion of these conjectures, drawing on the 
studies reviewed in section 2.4.3. These refined conjectures are specific to this study, 
and can only be used to describe the observed classroom. 
5.9.1 Conjecture A: Planning and preparation 
Conjecture A was refined to include specific reference to the teacher’s 
common content knowledge, specialised content knowledge, and knowledge of 
content and teaching. 
Common content knowledge and specialised content knowledge influence the 
teacher’s knowledge of content and teaching, all of which influence the 
teacher’s planning and preparation. Further, planning and preparation 
influences the classroom environment. 
Planning and preparation is one of the major elements of being a classroom 
teacher and is one aspect of knowledge of content and teaching. Within this study, as 
well as the larger curriculum project, the teacher was provided with various materials 
to aid in planning and preparation, such as the module booklets and their associated 
resources. This provided the teacher with a structured sequence of learning as well as 
a pedagogical framework with which to teach these ideas. The role of the teacher in 
this circumstance was to adopt the pedagogical strategies with which to teach 
unknown concepts, and translate this knowledge into classroom learning experiences 
that were relevant for her students. The lesson observations and coaching sessions 
provided evidence that the teacher needed to have sound specialised content 
knowledge (i.e., knowledge of both the taught content and the way in which the 
mathematical concepts interconnect with one another), and knowledge of content and 
teaching.  
The observations indicated that when the teacher prepared for a lesson (and in 
doing so demonstrated sound common content knowledge, specialised content 
knowledge and knowledge of content and teaching) the classroom environment was 
more positive. This positive environment included positive teacher-student 
relationships and student involvement, and was evident on several occasions. During 
Lesson Observation 2 the teacher used a reality-based activity to discuss equals as 
balance and the influence of change. Despite the fact that the content was not 
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sequenced in accordance with the curriculum project, the activity itself was well 
planned and was relevant to the students. Similarly in Lesson Observation 3 the 
teacher again used reality to introduce the lesson and demonstrated confidence in her 
ability to clearly discuss additive operation strategies and representations with the 
students. Again, in Lesson Observation 5 the teacher initiated a planned discussion 
on integers exploring this in reality, and once more in Lesson Observation 6 when 
the teacher had planned to complete a series of activities and had a clear 
understanding of the activities in the lesson. In each of these activities the teacher 
had a sound knowledge of content and teaching, which led to student involvement, 
the development of positive relationships between the teacher and the students, 
resulting in overall positive behaviour. In these examples the clear planning and 
preparation based on sound teacher knowledge was reflected in a positive classroom 
environment.  
Conversely, negative aspects of the classroom environment can be attributed to 
poor common content knowledge, specialised content knowledge, and knowledge of 
content and teaching (evidenced by limited planning and preparation). Observations 
showed a less positive classroom environment, for example, during Lesson 
Observation 1, when the teacher had not planned enough activities for the students 
and the activities that were planned were not clear. In Lesson Observation 2 the 
teacher attempted to use a hands-on activity to increase involvement but due to a lack 
of planning, which was attributed to the teacher’s limited knowledge of content and 
teaching, the organisation of the activity was unclear. Similarly, it was observed 
during the launch activity and the “Walk the Plank” hands-on activity in Lesson 
Observation 5 that significant planning had not occurred as the teacher showed a lack 
of clarity in her instruction as well as her content knowledge. This lack of knowledge 
resulted in decreased order (evident through poor behaviour and minimal respect for 
the teacher). In some instances moving the students on to a planned activity for 
which the teacher was confident (in terms of knowledge of content and teaching) 
restored classroom order. However, this was not always the case (e.g., order was not 
restored fully after the “Walk the Plank” activity during Lesson Observation 5).  
Prior to teaching a lesson, the teacher had to decide what key concepts were 
going to be taught, the strategies with which they were to be taught, and anticipate 
any potential misconceptions the student may have. In order to achieve this, data 
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indicated that the teacher needed to be planned and prepared. This required 
knowledge of content and teaching to know appropriate pedagogical strategies, as 
well as common content knowledge and specialised content knowledge to understand 
where students may have difficulties. These classroom examples are similar to the 
ideas of Barry and King (1998) who state that planning and preparation influences 
the classroom environment, as well as the successful development of resources and 
knowledge of the overall structure of the curriculum or the “big picture”.  
From the evidence presented it is conjectured that the teacher’s common 
content knowledge, specialised content knowledge and knowledge of content and 
teaching influence preparedness and positively impact the classroom environment by 
increasing teacher-student respect within the classroom, which in turn results in 
focused and less disruptive student behaviour.  
5.9.2 Conjecture B: Effective pedagogy 
Conjecture B was refined to include specific reference to the teacher’s common 
content knowledge, specialised content knowledge, and knowledge of content and 
teaching. 
Common content knowledge and specialised content knowledge influence the 
teacher’s knowledge of content and teaching. This in turn influences classroom 
pedagogy, thus influencing the classroom environment. 
The second conjecture focuses on the teacher’s knowledge of content and its 
influence upon knowledge of content and teaching, impacting classroom pedagogy 
which further influences the classroom environment. Conjecture B also identifies that 
in order to develop pedagogical strategies and in turn develop a positive classroom 
environment the teacher must have knowledge of content and teaching. This was 
observed both positively and negatively during this study. 
Thorough common content knowledge, specialised content knowledge, and 
knowledge of content and teaching were observed during the lesson in Lesson 
Observation 3. The teacher began the activity with a purpose, that is, she used the 
launch activity to settle the students into the classroom. This purposefulness was 
continued throughout the observed lesson as the teacher involved the students in a 
reality-based launch activity before moving on to additive representations. The 
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teacher demonstrated a clear understanding of each activity and articulated this to the 
students demonstrating clear knowledge of content and teaching. 
Clear content knowledge was also observed during Lesson Observation 4 when 
the teacher knew the content she was teaching and the manner in which she was 
teaching it (i.e., using the procedure of the separation technique for larger number 
subtraction), and the students recognised this through their attentive and overall 
positive behaviour. Order was maintained within the classroom as the teacher 
acknowledged the prior learning of the students and allowed them to demonstrate 
their understanding. This developed the teacher’s knowledge of content and students, 
which informed future teaching. Similarly, during Lesson Observation 7 the teacher 
had clear knowledge of content and its associated pedagogy when teaching in a 
student-centred manner. This was supported by her sound specialised content 
knowledge and knowledge of content and students. Based upon this sound 
knowledge the students knew what was expected of them and therefore participated 
in the learning activity. By creating this order in the classroom the teacher gave 
students more responsibility for their learning, and teacher-student respect was 
increased leading to a positive classroom environment.  
Limited knowledge of content and teaching was observed during the data 
collection process. A lack of pedagogical knowledge was observed during the lesson 
in Lesson Observation 2 when the teacher tried to use a “Celebrity Heads” style 
activity. Though the teacher knew the basic content behind the activity she did not 
have the pedagogical knowledge to effectively teach the students, resulting in whole-
class disruptions. A similar lack of knowledge of content and teaching was observed 
during Lesson Observation 5 when the teacher attempted to use a hands-on engaging 
activity (“Walk the Plank”). Again the teacher knew the common content knowledge 
but did not have a deep pedagogical understanding of how to use the strategy 
effectively or why the activity was being used. In these examples the teacher had 
knowledge of content but only limited knowledge of how to effectively teach that 
content. That is, she lacked appropriate knowledge of content and teaching, and due 
to this lack of knowledge her instruction became unclear and she lost control of the 
class’s behaviour.  
Charalambous et al. (2012) found that by using curriculum documents to build 
pedagogical knowledge, even in a teacher with low levels of MKT, there is potential 
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for lesson success. This building up of knowledge of content and teaching in order to 
effectively use pedagogical strategies is a similar finding of both studies. This 
conjecture is also similar to the findings of Sleep and Eskelson (2012) who identified 
that, regardless of the content being taught, a lesson will be effective if the teacher 
has a knowledge of pedagogy. On a similar note, Steele and Rogers (2012) came to 
the conclusion that though knowledge of content is required, this is redundant if there 
are no opportunities for learning, so a teacher must cater for content knowledge in 
their selection of pedagogical strategies.  
In this study it was identified that the curriculum documents (i.e., the module 
booklets) provided the teacher with a “gateway to knowledge”. This was the 
foundation of the teacher content and pedagogy. It was identified by Charalambous 
et al. (2012) that curriculum documents taught the teacher knowledge required for 
lessons and without this material there was potential for lesson failure. This was 
evidenced in this Masters study when the teacher showed limited use of the module 
booklet and therefore had limited knowledge of content and pedagogy (as seen in 
Lesson Observations 1 and 2). The finding by Charalambous et al. (2012) was not a 
conjecture of this study, but has been identified through analysis of each data 
gathering event.  
These examples appear to indicate that for the teacher teaching the 
mathematics in the curriculum project, she needs to read through and understand a 
variety of pedagogical strategies. This is similar to the views of Mishra and Koehler 
(2008) who believed that to effectively teach within the classroom, a teacher must 
have a thorough understanding of varying pedagogical strategies. In addition to 
knowing the pedagogy, this teacher must also understand why a strategy is being 
used, and how it is to be implemented (Mishra & Koehler, 2008). When teaching 
mathematics, data from this study showed that knowledge goes beyond basic 
mathematics skills (i.e., common content knowledge) and appeared to indicate that 
mathematics teachers need adequate specialised content knowledge to be able to 
provide students with explanations for procedures, demonstrate mathematical 
representations and analyse students’ solutions and explanations, reflective of the 
ideas expressed by Hill et al. (2005). It appears that the teacher in this study also 
needed knowledge of how students learn so that she could teach in ways that can 
involve the students. 
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From the evidence presented is it conjectured that the teacher requires clear 
common content knowledge, specialised content knowledge, and knowledge of 
content and teaching to enable students to become involved in learning and develop 
positive relationships within the classroom, leading to a positive classroom 
environment. 
5.9.3 Conjecture C: Content knowledge 
Aspects of Conjecture C were discussed within Conjectures A and B, which 
caused refinement to Conjecture C to reduce repetitiveness. In particular to focus 
upon the direct influence common content knowledge and specialised content 
knowledge has upon the classroom environment.  
Common content knowledge and specialised content knowledge directly impact 
the classroom environment.  
Finally, it is conjectured that content knowledge (or lack thereof) directly 
impacted the overall classroom environment. A lack of common content knowledge 
and specialised content knowledge was observed during Lesson Observation 1 when 
the teacher did not demonstrate the concept of equals as balance to the students, nor 
did she demonstrate knowledge of patterns when introducing the launch activity in 
Lesson Observation 2. In each circumstance the teacher showed a lack of ability to 
explain the mathematical concept demonstrating poor specialised content knowledge. 
In each lesson, student involvement lessened, as did respect for the teacher. This 
resulted in poor student behaviour developing a negative classroom environment. A 
lack of knowledge was also displayed during Lesson Observation 5 when the teacher 
showed limited knowledge of equals as balance when students were completing the 
launch activity. Similarly, lack of connection between mathematical concepts was 
observed during the launch activity in Lesson Observation 6 when the teacher 
showed a lack of understanding of multiplication as repeated addition, requiring the 
researcher to explain the activity to the class. If the researcher had not explained this 
activity, the teacher would have likely lost control of the class, potentially resulting 
in a negative classroom environment. In each example student involvement and 
respect for the teacher lessened resulting in poor behaviour and creating a more 
negative classroom environment. 
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Clear knowledge was also demonstrated by the teacher during the data 
collection period. Within any of the reality discussions (Lesson Observations 2, 3, 4, 
5 and 6) the teacher demonstrated an understanding of the common content 
knowledge and was able to provide a link between the content and how it could be 
used in real-life situations that were appropriate and relevant to the students. These 
discussion activities prompted student involvement by the majority of the class. 
During Lesson Observation 3 the teacher demonstrated a clear understanding of the 
common and specialised content (small-number addition) and was able to 
demonstrate her knowledge to the students through clear explanations and multiple 
representations. The teacher was also able to provide support to the students due to 
her sound knowledge in the observed lesson (i.e., Lesson Observation 3). A similar 
confidence in specialised content knowledge was demonstrated in Lesson 
Observation 7 when the teacher required the students to develop their own strategies 
for completing a division problem. This required the teacher to have an 
understanding of a variety of strategies to solve division problems in order to provide 
sufficient support to her students. Again, this confidence in teacher knowledge 
developed positive outcomes including involvement, behaviour and respect, and an 
overall positive classroom environment. 
A similar observation to Conjecture C was made by Hill and Ball (2004) who 
found it is essential for teachers to have common content knowledge and specialised 
content knowledge. That is, it was found that teachers needed understanding of the 
content being taught, and the manner in which it interlinked with mathematical big 
ideas (Hill & Ball, 2004). This is also similar to the observations made by 
Charalambous et al. (2012) who found that a teacher with a higher level of MKT 
relates to clarity in a lesson, that is, appears knowledgeable by providing clear 
explanations, use of correct language and notation, and acknowledging students’ 
knowledge to shape the lesson (Charalambous et al., 2012). These studies support 
Conjecture C.  
The range of evidence from this study demonstrates the teacher’s fractured 
understanding of mathematics and the connections between mathematical concepts. 
Though she had some common content knowledge and was able to complete the 
mathematics tasks that she set, in many cases she lacked the in-depth understanding 
of mathematical knowledge needed for teaching (i.e., specialised content 
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knowledge). This lack of specialised content knowledge limited her ability to 
interpret the module booklets without assistance, a problem she was having 
throughout the data collection period. This was a significant obstacle for the teacher, 
since the module booklets are the gateway to understanding the structured sequence 
and the pedagogical framework provided by the curriculum project. Due to the 
teacher’s lack of sound specialised content knowledge she regularly needed 
additional assistance to understand why a sequence or activity should be used. It can 
be conjectured that a teacher must have strong common content knowledge and 
specialised content knowledge in order to develop a positive classroom environment. 
5.10 SUMMARY 
During Phase 2 the researcher conducted lesson observations and coaching 
sessions to further investigate the influence of teacher knowledge on the classroom 
environment in order to fulfil the second objective of this study. In Phase 1 three 
conjectures were made to initially explain this influence, each of which was refined 
in section 5.9 based on the data and analysis in Phase 2 and to include links to Ball et 
al.’s (2008) MKT model. These three conjectures are specific to this study. 
Implications based upon these conjectures are presented in Chapter 6.  
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Chapter 6: Conclusions and Implications 
This study investigated the classroom environment within a low SES, 
underperforming mathematics classroom. The first objective of the study was to 
explore and exemplify the classroom environment. This was conducted primarily in 
Phase 1 of the study where it emerged that teacher knowledge was a major influence 
on the classroom environment, which led to the second objective of this study, to 
further investigate the influence of teacher knowledge on the classroom environment. 
In Phase 2, the further investigation of the influence of teacher knowledge led to the 
refinement of the conjectures that relate teacher knowledge, teacher practice and the 
classroom environment. This chapter includes an overview of each of the chapters 
throughout the thesis and proposes a model that brings together the conjectures. 
Limitations are also identified in this chapter, before implications for the curriculum 
project and for future research are identified.  
6.1 STUDY OVERVIEW 
Chapter 1 introduced the specific background and context in which the study 
was situated: a low SES, underperforming, junior secondary mathematics classroom 
that is taking part in a larger curriculum project. The curriculum project employs a 
vertical curriculum in which instruction builds upon foundational levels of 
understanding to develop an age-appropriate deeper understanding of mathematical 
concepts. Chapter 1 also described the objectives of this study: to explore and 
exemplify the classroom environment, and further, to explore the influence of teacher 
knowledge on the classroom environment. The overview concluded that the study 
shows significance through its unique contextual area and its potential influence on 
accelerated mathematics learning, as well as the uncommon qualitative application of 
the nine features of the classroom environment. 
Chapter 2 discussed the literature relevant to this study. Through the 
exploration of the ontology and epistemology of teacher-centric and student-centric 
views the theoretical frame was developed. This was followed by a discussion on the 
different ways of characterising a classroom, with a focus on using the lens of 
classroom environment. Following this discussion, literature on teacher knowledge 
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was explored, specifically the MKT knowledge types defined by Ball et al. (2008) 
and how they related to the curriculum project.  
Chapter 3 presented the research methodology of the curriculum project and 
the roles of the author, before explaining the methodology of this Masters study. This 
chapter also explained that a diachronic case study approach was used to enable the 
researcher to document change and perform analysis throughout the data collection 
period. Chapter 3 also described the research design including information on the 
site, participants, data collection and analysis. The researcher acted as a participant-
observer within the classroom and developed relationships with the students and the 
teacher. The researcher also conducted coaching sessions with the teacher. The data 
was collected over a 12-week period in which 14 data gathering events occurred. 
Together, the lesson observations and coaching sessions allowed for the generation 
of a rich description of the influence that teacher knowledge had upon the classroom 
environment. Within this chapter a timeline of events was also given, which 
highlighted the beginning and end point to the observation period. To complete the 
chapter reliability and validity, and ethics and limitations were discussed.  
Aligned with the study’s emergent research objectives, the data collection and 
analysis was split into two phases. Phase 1 fulfilled the first objective of this study, 
which was to exemplify the classroom environment. Phase 1 was presented in 
Chapter 4 and included the description and analysis of lesson observations and 
coaching sessions against the three dimensions of the classroom environment. From 
the rich description of the classroom environment that was developed, three tentative 
conjectures regarding the influence of teacher knowledge on the classroom 
environment were drawn. Phase 2, presented in Chapter 5, involved the descriptions 
of further observations and coaching sessions, and in doing so fulfilled Objective 2 
of this study, which was to explore the influence of teacher knowledge upon the 
classroom environment. This phase further developed themes between the features of 
the classroom environment, and delved deeper into the influence of teacher 
knowledge. This analysis led to the refinement of the conjectures regarding the 
influence of teacher knowledge, which are re-presented as follows: 
Conjecture A: Common content knowledge and specialised content knowledge 
influence the teacher’s knowledge of content and teaching, all of which 
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influence the teacher’s planning and preparation. Further, planning and 
preparation influences the classroom environment. 
Conjecture B: Common content knowledge and specialised content knowledge 
influence the teacher’s knowledge of content and teaching. This in turn 
influences classroom pedagogy, thus influencing the classroom environment. 
Conjecture C: Common content knowledge and specialised content knowledge 
directly impact the classroom environment.  
These three conjectures were formed based on the lesson observations and 
coaching sessions with a single teacher and her class of students. In the remainder of 
this chapter, these conjectures are synthesised into a model which may be of benefit 
for describing the interactions between teacher knowledge, teacher practice and the 
classroom environment in other similar classrooms. The limitations of this study are 
then discussed, before implications for the curriculum project and for future studies 
are presented.  
6.2 CLASSROOM ENVIRONMENT INTERACTION MODEL 
At the end of Chapter 5, the three conjectures developed in this study were 
discussed. To provide further clarity, the conjectures have been depicted in a model 
referred to as the classroom environment interaction (CEI) model. In this model there 
are seven interactions between five elements. The elements of this model were taken 
directly from the three conjectures described in section 5.9 and mapped in 
diagrammatic form. The way each conjecture links the elements is demonstrated by the 
arrows in the model (i.e., with dots, short dashes and long dashes). The CEI model 
demonstrates the interlinking nature of the conjectures and is presented in Figure 6.1.  
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Figure 6.1. Classroom environment interaction model. 
In the following sections, the elements and interactions in the CEI model are 
explained, with specific links to the conjectures.  
6.2.1 The elements in the CEI model 
There are five elements within the CEI model: (a) common content knowledge 
and specialised content knowledge, (b) knowledge of content and teaching, (c) 
planning and preparation, (d) classroom pedagogy, and (e) classroom environment. 
Each of these elements is described in the following sections. These elements are 
derived from Ball et al.’s (2008) MKT, forms of teacher practice, and the classroom 
environment. 
A. Common content knowledge and specialised content knowledge (content 
knowledge) 
This study suggests in its conjectures that common content knowledge and 
specialised content knowledge are a basis for developing a positive classroom 
environment. Ball et al.’s (2008) third form of subject matter knowledge, horizon 
content knowledge, was not prominent in this study and was not included in the 
conjectures, thus was not included in the CEI model.  
B. Knowledge of content and teaching (pedagogical knowledge) 
Knowledge of content and teaching is also a knowledge type that was 
identified in this study as significant. This is one of Ball et al.’s (2008) forms of 
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pedagogical content knowledge. The other two forms of pedagogical content 
knowledge (knowledge of content and students, and knowledge of content and 
curriculum) were not prominent in this study, and therefore were not included in the 
conjectures. Within this study the lesson observations and coaching sessions showed 
that, for this teacher, developing knowledge of content and teaching appeared to lead 
to positive classroom practice, and therefore produced a positive classroom 
environment. Without this knowledge the teacher’s practice was less effective, 
leading to a negative classroom environment. 
C. Planning and preparation 
Planning and preparation is a form of teaching practice in which the teacher 
knows the sequence of the lesson, what pedagogical strategies are going to be used, 
and their associated content. Planning and preparation also includes the resources the 
teacher is going to use (e.g., the interactive whiteboard, worksheets, textbook, etc.).  
D. Classroom pedagogy 
Classroom pedagogy is also a form of teaching practice, and is the way in 
which a pedagogical strategy is used in the classroom. While planning and 
preparation focuses on the “what” of pedagogy – that is, developing a plan – this 
element focuses on the “how” – that is, putting a plan into action.  
E. Classroom environment 
The classroom environment is the social, emotional and physical aspects of the 
classroom. The classroom environment can be positive or negative depending on the 
teacher’s knowledge and teaching practice. In this study, a positive classroom 
environment was associated with high levels of teacher-student respect, the 
maintenance of relationships and on-task behaviour.  
6.2.2 The interactions in the CEI model 
There are seven one-way interactions in the CEI model, each of which connect 
two elements. Each interaction corresponds to a numbered arrow in Figure 6.1. These 
interactions are described in the following sections, and are related to the ideas of 
ontology and epistemology which have influenced this study and, more broadly, the 
curriculum project.  
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Interaction 1: Content knowledge  Pedagogical knowledge 
The first interaction in the CEI model is the influence of common content 
knowledge and specialised content knowledge on knowledge for content and 
teaching (or pedagogical knowledge). This interaction has been developed from 
Conjectures A and B. The data suggests that without knowledge of the content, it is 
not possible for a teacher to have knowledge of content and teaching. For example, it 
was identified within Lesson Observation 3 that when the teacher had clear 
knowledge of content, she also demonstrated knowledge of content and teaching. 
This was evidenced by her clear connections between mathematical content and 
appropriate ways in which to teach those connections (i.e., using a thinkboard). In 
this way the teacher demonstrated the principles suggested by Warren and Cooper 
(2009), that is, the teacher taught using the structure of the mathematical concept of 
addition in conjunction with the relationships to express those concepts. This 
demonstrates the link between content knowledge and pedagogical knowledge. 
Interaction 2: Content knowledge  Planning and preparation 
The second interaction in the CEI model is the influence of common content 
knowledge and specialised content knowledge on planning and preparation, 
demonstrating part of Conjecture A. Common content knowledge and specialised 
content knowledge influence teacher practice through the development of a 
foundational understanding of content that is required by the students, building up to 
an in-depth understanding of the content and how mathematical ideas interrelate. The 
data suggests that each form of content knowledge is required when planning and 
preparing. An example of this was seen in the lesson during Lesson Observation 3 
when the teacher was able to connect her knowledge of small-digit subtraction 
symbolically, physically, and visually demonstrating the mathematical sequence that 
was developed for the curriculum project (Cooper et al., 2013).Subsequently the 
lesson was well planned and ultimately contributed to the development of student 
understanding. Poor specialised content knowledge was observed during Lesson 
Observation 2 when the teacher attempted a hands-on activity (a “Celebrity Heads” 
style game) and was not able to clearly and confidently connect the unnumbered and 
numbered representations of change. This shows the influence of content knowledge 
on planning and preparation. 
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Interaction 3: Pedagogical knowledge  Planning and preparation 
The interaction between knowledge of content and teaching (or pedagogical 
knowledge) and planning and preparation is the third interaction in the CEI model, 
demonstrating another aspect of Conjecture A. The data indicated that teacher 
knowledge of content and teaching influences planning and preparation as it forms 
the connection between content and pedagogy. Through the teacher’s use of 
knowledge of content and teaching to plan and prepare a lesson, she was able to 
teach clearly and confidently, as observed in Lesson Observation 3 when the teacher 
presented a carefully sequenced lesson that drew on students’ reality, as encouraged 
within the curriculum project (Cooper et al., 2013). An example of poor knowledge 
of content and teaching was observed during Lesson Observation 5 when the teacher 
attempted the “Walk the Plank” activity. Though the teacher had knowledge of the 
content, she was not able to connect it to the chosen pedagogical strategy, which 
resulted in unclear teacher practice. This method of teaching falls within the student-
centric belief structure, and more specifically constructivism. The teacher had the 
potential to promote engagement in problem solving reflecting the ideas of Frid 
(2000), who encouraged the sharing of solutions, listening carefully to students’ 
ideas and discerning the mathematical ideas within a solution. But despite the 
potential benefits of the activity, the teacher did not appear to have adequate 
knowledge of the content, thus hindering students learning. Therefore it can be seen 
that pedagogical knowledge influences planning and preparation. 
Interaction 4: Pedagogical knowledge  Classroom pedagogy  
The fourth interaction presented in the CEI model is the influence of 
knowledge of content and teaching on the pedagogy used. This interaction has 
developed from Conjecture B. It is indicated in the data that in order for a teacher to 
understand a pedagogical strategy, they need to know how it links to the content (i.e., 
knowledge of content and teaching). An example of this was seen in Lesson 
Observation 6 when the teacher had knowledge of the homework activity and how it 
could be explained (i.e., knowledge of content and teaching) and was therefore able 
to use an appropriate pedagogical strategy in the classroom. Once again this 
highlights the importance of the teacher’s knowledge of concepts within the 
overarching mathematical structure and the representations used to express those 
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concepts (Warren & Cooper, 2009). This demonstrates the link between pedagogical 
knowledge and classroom pedagogy. 
Interaction 5: Planning and preparation  Classroom environment 
The influence of planning and preparation on the classroom environment was 
the first theme to be identified in this study, describing an aspect of Conjecture A. 
The data shows that in order to have a positive classroom environment, this teacher 
needed to have a plan of what she intended to do in the lesson. This can be seen 
during Lesson Observation 4, in which the teacher had created a plan for the lesson 
and clearly articulated this to the students. The lesson began with a discussion of 
subtraction in a manner that was relevant (i.e., the context of a computer game), and 
it was represented in numerous ways. In doing so, the teacher adopted social-
constructivist teaching by allowing the students to share their thinking, an approach 
that was discussed by Wright et al. (2006). The sharing of opinions and listening to 
the students that was observed in Lesson Observation 4 is also encouraged by Frid 
(2000), who believed that using a constructivist perspective allows students to gain 
differing understandings from the same learning experience. The planning of whole-
group discussion resulted in a positive classroom environment, as there was the 
development of teacher-student respect evident through the positive behaviour. This 
evidence provides an example of the influence of planning and preparation on the 
classroom environment. 
Interaction 6: Classroom pedagogy  Classroom environment 
The second direct influence on the classroom environment is pedagogy, 
identified by Conjecture B. The data shows that in order to have a positive classroom 
environment, this teacher needed to have a plan that would effectively teach content 
in a way that was relevant for the students. In this class, when the teacher taught 
using appropriate pedagogical strategies in a confident and clear manner, the 
classroom environment became positive. This was evident during Lesson 
Observation 7 when the teacher was confident in the planned activity which adopted 
a student-centred, and more specifically an individual-constructivist, approach to 
division. In allowing the students to have a chance to display their own knowledge 
from what they have learnt throughout their education the students created a positive 
classroom environment through exhibiting appropriate behaviour, the development 
of teacher-student respect and therefore positive relationships. This is reflective of 
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the views of Bidell and Fischer (1992) who commented that individual-
constructivism allows students to construct meaning from the world around them 
through their actions and interactions. The link between classroom pedagogy and the 
classroom environment was also witnessed in a negative light, such as through 
Lesson Observation 5 when the teacher did not present the “Walk the Plank” activity 
clearly, and little knowledge of pedagogy was observed. Though the activity had the 
potential to promote a positive classroom environment through the constructivist 
approach that was taken, the lack of knowledge of classroom pedagogy resulted in 
poor student behaviour, and lowered respect. This shows the influence of classroom 
pedagogy on the classroom environment. 
Interaction 7: Content knowledge  Classroom environment 
The third direct influence on the classroom environment, and the final 
interaction in the CEI model, is the influence of common content knowledge and 
specialised content knowledge. This interaction describes Conjecture C. The 
evidence suggests that when the teacher in this study did not have sufficient 
knowledge of content, the students quickly picked up on her lack of knowledge and 
“switched off”. This was evident in Lesson Observation 6 when the teacher did not 
appear to understand the content in the launch activity. It was clear that the students 
realised her lack of knowledge and stopped listening, resulting in a negative 
classroom environment. When the researcher intervened to explain the activity, the 
classroom environment became more positive. It is suggested by Wright et al. (2006) 
that when students are used to a transmissive approach to teaching, they become 
reliant on the teacher. In this situation the students were reliant on the teacher and the 
teacher did have significant content knowledge to complete the activity. This 
demonstrates the direct link between content knowledge and the classroom 
environment. 
6.2.3 Summary 
In summary, the conjectures that were made as a result of the data analysis 
have been synthesised to form the CEI model. This model describes the goings-on of 
the particular class that was studied and attempts to characterise the relationships 
between teacher knowledge and the classroom environment. In developing the CEI 
model, a tool for describing and explaining the classroom environment has been 
created, resulting in the achievement of the second objective of this study, that is, to 
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explore the influence of teacher knowledge on the classroom environment. In 
fulfilling the second objective of this study, the creation of the CEI model is a 
significant outcome. The study, including the proposed CEI model, has some 
limitations, which are discussed in the following section. 
6.3 LIMITATIONS 
As with any study, there are limitations to this study. Based on a consideration 
of the context in which the study was conducted and the research design that was 
used, three limitations have been identified.  
First, this study took place in one classroom with the same teacher, students 
and content. This is a limitation as the conjectures developed are specific to this 
teacher, her students and the content being taught. If a different class, teacher or 
content were selected it may have led to different conjectures. 
Second, the researcher interpreted the lesson observations and coaching 
sessions to exemplify classroom environment. The manner in which the researcher 
interpreted the classroom behaviours may not have been the students’ behavioural 
intention. For example, behaviours such as listening to the teacher, maintaining eye 
contact with the teacher, and participating in classroom activities were construed as 
involvement. The researcher did not know what the students were thinking when she 
collected the data, and if a student was maintaining eye contact and listening to the 
teacher the purpose for this behaviour may not have been involvement. 
Third, the researcher interpreted that an influence on the classroom 
environment was teacher knowledge. The conjectures developed and the CEI model 
created are based on the collection and interpretation of data. Although the data and 
its analysis were discussed with a critical friend and this critical friend supported the 
conjectures developed, another observer may have drawn different conjectures. 
The manner in which the data were collected and analysed limits the 
generalisability of this study. The conjectures developed cannot apply to anyone but 
the specific teacher and students who were observed, and the conjectures and the CEI 
model are specific to the researcher (and critical friend). Additionally, the relative 
strength of the influences identified in the conjectures, and therefore the CEI model, 
were not identified. The CEI model developed from the conjectures could be used as 
a basis for further study in order to validate and/or improve it. 
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6.4 IMPLICATIONS 
From the findings and limitations of this study, implications for the curriculum 
project and for further research have been identified. These two types of implications 
are presented in the following two sections. 
6.4.1 Implications for the curriculum project 
Within Chapter 6 the CEI model was introduced to describe how the teacher’s 
knowledge of common content and specialised content is crucial to a positive 
classroom environment. These forms of knowledge are the “base point” from which 
teachers can build their knowledge, and can be provided through professional 
learning. This aligns with the views of Baturo et al. (2004) who identified that to 
develop a positive change professional learning needs to be conducted with expert 
input, and that continual support after the professional learning must be provided. To 
encourage the growth of a positive classroom environment, both professional 
learning and teacher support can stimulate changes in teacher knowledge and 
practice. These two ideas are discussed in the following sections. 
Development of knowledge in professional learning 
The curriculum project is based on three pillars: the RAMR pedagogy; 
structured sequencing; and professional learning (Cooper et al., 2013). The 
curriculum project has adopted the ideas of Guskey (2002) and Baturo et al. (2004) 
as a basis for professional learning, that is, the process of teacher change. This 
Masters study has described how, in one specific classroom, the teacher’s common 
content knowledge and specialised content knowledge was foundational to the 
teacher’s understanding of the curriculum project’s intentions. As professional 
learning is such a crucial aspect of the curriculum project, from the findings of this 
study it is recommended that common content knowledge and specialised content 
knowledge should be carefully considered when developing professional learning. 
According to Baturo et al. (2004) professional learning should be conducted with 
expert input in order to help teachers sufficiently develop effective knowledge and 
teaching strategies to increase students’ numeracy outcomes.  
Secondary to the significance of content knowledge is knowledge of pedagogy. 
The findings of this study suggest that good teacher practice (i.e., planning and 
preparation, and use of effective classroom pedagogy) is based on sound knowledge 
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of content and teaching. In the case of the curriculum project, this includes 
developing strategies with which to teach the mathematical content, including the 
development of links to reality. This study suggests that developing a teacher’s 
knowledge of content and teaching needs to be considered in professional learning 
once common content knowledge and specialised content knowledge are developed. 
This aligns to Baturo et al.’s (2004) views regarding expert input: Without this expert 
input, a teacher may not be teaching using particularly effective teaching strategies, 
which may not impact mathematics learning. 
Provision of individual teacher support 
Baturo et al. (2004) commented that expert input alone is not sufficient for 
professional learning. Baturo et al. (2004) suggested that further support is required: 
just-in-time support. This type of support for teachers addresses what they need, 
when they need it. Within this Masters study individual teacher support included 
observing the teacher’s practice (i.e., planning and preparation and use of pedagogy) 
and providing additional assistance. This could include aiding in planning lesson 
sequences or highlighting specific pedagogical strategies that may be beneficial. 
Baturo et al. (2004) commented that this can be successful if the support is 
classroom-based and is persistent and detailed.  
6.4.2 Implications for future research 
Implications for additional research have also been identified, which all relate 
to repeating the study to explore and further refine the model of classroom 
interactions and the relative strength of the influences. Four suggestions for future 
study are as follows. 
1. The study could be repeated in a similar context with similar participants 
and content. The findings of the repeated study could be compared to the 
findings of this study. That is, investigate if in a similar context, similar 
conjectures are made and whether the proposed CEI model can be used to 
describe the influence of teacher knowledge on the classroom 
environment. 
2. The study could be repeated with similar participants and context but with 
a change of content. In this study the focus was on additive and 
multiplicative operations. If this content was changed, for example to 
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measurement, the classroom environment could possibly be different. This 
may be due to the students’ existing level of knowledge, or a 
predisposition that measurement is “fun”. Further investigation could 
compare the classroom environment when students are taught different 
content to the CEI model developed in this study, to see if the same 
interactions are prominent. 
3. The study could be repeated with a teacher who has a different knowledge 
base than the teacher in this study. The participant teacher within this 
study was observed to have a low level of mathematics knowledge for 
teaching, in particular common content knowledge and specialised content 
knowledge. Consequentially this appeared to limit her knowledge of 
content and teaching. If the study was repeated with a teacher who had a 
deeper knowledge of content, it is possible that all six of Ball et al.’s 
(2008) knowledge types may be found to impact the classroom 
environment (including horizon content knowledge, knowledge of content 
and students, and knowledge of content and curriculum), not just the three 
identified as significant in this study. Changing the content knowledge of 
the teacher would allow a researcher to investigate whether the conjectures 
that have been made and the CEI model that has been developed could 
apply to more than one teacher, and if the prominent knowledge types and 
interactions are the same. 
4. The study could be repeated with students who have a high knowledge 
base. The students in the curriculum project, and therefore this study, were 
identified as having a low level of mathematical knowledge. If the same 
procedure were adopted for students with a high level of knowledge, the 
classroom environment may be different. By changing the mathematical 
ability level of the students, a comparison against the conjectures and the 
CEI model could take place. This could ascertain if the classroom 
environment interactions are the same or different, and if Ball et al.’s 
(2008) other knowledge types are evident. 
In this section, four approaches to extending the findings of this study have 
been presented. In each approach the findings could be compared with this study, and 
adjustments to the conjectures and thus the CEI model could be made. 
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6.5 CONCLUSION 
This study has investigated the classroom environment of one low SES, 
underperforming mathematics class. From this investigation it emerged that teacher 
knowledge had a significant influence on the classroom environment. Detailed 
consideration of the different knowledges needed by the teacher led to the 
development and refinement of theory in the form of three conjectures that related 
teacher knowledge, teacher practices and the classroom environment. These 
conjectures were then integrated to form a classroom environment interaction model. 
This model explains what was observed in one specific classroom over a period of 12 
weeks, and diagrammatically represents the influence the teacher’s knowledge has on 
the classroom environment, both directly and through teacher practice. The CEI 
model has led to implications for the curriculum project, highlighting that a focus for 
professional learning should be on content knowledge prior to pedagogical 
knowledge, followed by timely individual teacher support. By forming the CEI 
model, the theory developed can be more easily applied to other classrooms 
(particularly those in the curriculum project) for future studies. 
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Appendices 
Appendix A: Digital Presentation (Coaching Session 1) 
The researcher suggested to the teacher to use a digital presentation to aid in 
the structuring of lesson content. The use of the IWB and a digital presentation (i.e., 
the use of Microsoft PowerPoint) was designed to: 
1. control: the teacher does not have to put her back to the class to write 
things on the board; 
2. structure: the teacher does not need to refer to a lesson plan as the plan is 
there for all students to see; and 
3. involve: this is a new ICT-based pedagogical strategy that students may 
participate in. 
An example was shown to the teacher by the researcher who had previously 
prepared the presentation for the purpose of stimulating the discussion of Coaching 
Session 1. The presentation was based on the first RAMR cycle within Unit 1 of 
Module O1, in which the concept of “equals as balance” is explored. An example of 
an appropriate digital presentation is provided in Figure A1.  
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Figure A1. Digital presentation example. 
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Appendix B: The Launch Activity (Coaching Session 1) 
The launch activity was a repeated introductory lesson activity that took 
approximately 10 minutes at the start of each lesson. Each week the launch activity 
would change, remaining the same for three consecutive lessons. This activity had 
the aim of revising foundational content at the same time as settling students into the 
classroom. In addition to this, through the use of spreadsheet software (e.g., 
Microsoft Excel) academic improvement can be tracked by the teacher and presented 
to the students. An example launch activity that was discussed within Coaching 
Session 1 is presented in Figure B1. This launch activity was drafted during the 
coaching session by both the researcher and the teacher. 
Find the sequential rule within the following patterns: 
1. 10, 12, 14, 16, … 
2. 30, 37, 42, 49, … 
3. 13, 23, 33, 43, … 
4. 1, 5, 9, 13, 17, … 
5. 12, 24, 36, 48, … 
Find the generalisation for one of the above patterns: 
 
Figure B1. Launch activity example. 
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Appendix C: Term 3 Launch Activities 
The launch activities for Weeks 4, 5, 7 and 8 are presented in Figure C1 and 
the launch activities for Weeks 9, 10 and 11 are presented in Figure C2. 
Week 4 Week 5 
  
Week 7 Week 8 
  
Figure C1. Launch activities for Weeks 4, 5, 7 and 8. 
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Week 9 Week 10 
  
Week 11 
 
Figure C2. Launch activities for Weeks 9, 10 and 11. 
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Appendix D: RAMR Cycle Discussion (Coaching Session 3)  
Reality 
Within the reality phase of the lesson, it was recommended that real-life 
situations of addition be explored. The teacher and the researcher created the 
following example: “A football team has 10 players on the field and 3 reserves. How 
many players altogether?” This is something that could be easily acted out or drawn 
by the students, and it was suggested that this could then lead into the abstraction 
phase. 
Abstraction 
Within the abstraction phase, it was recommended by the researcher that the 
teacher move from the physical or enactive to symbolic; an example is presented in 
Figure D1. 
A football team has 10 players on the field and 3 reserves. How many 
players altogether? 
10 players and 3 reserves makes football team 
 
 
 
 
 
10 players plus 3 players makes 13 players 
10 plus 3 makes 13 
10 + 3 = 13 
Figure D1. Unit 2 RAMR Cycle A abstraction.  
It was also commented by the researcher that this activity could be repeated 
through a change of context using the same process. This means that students could 
repeat this sequence individually and using their own context. The use of a 
thinkboard (a tool for showing different representations) was also encouraged within 
the module booklet as a way of summarising student understanding of addition. This 
was a tool the classroom teacher was keen to implement. 
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Mathematics 
The mathematics phase of the RAMR cycle was also discussed, entailing the 
identification of addition strategies; for example, counting on, turnarounds, doubles, 
near doubles, and near/make ten. Once students understand the symbolic 
representation of mathematics, they can think about how to solve problems. 
Reflection 
To reflect the learning, it was advised that students create their own addition 
stories and challenge other students within the class; this will link their 
understanding back to reality. It was recommended to the teacher by the researcher to 
use a similar sequence in the next RAMR cycle when using the number line model. 
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Appendix E: RAMR Planning Template (Coaching Session 4) 
Working collaboratively, the teacher and the researcher used the module 
booklet to identify keys aspects of each phase of three RAMR cycles, and enter this 
information into the RAMR planner. Working through relevant RAMR cycles the 
teacher created the RAMR cycle plans displayed in Figure E1, Figure E2 and Figure 
E3.  
 
Figure E1. Unit 3 “Larger number subtraction” plan. 
 200 Mathematics knowledge for teaching and the classroom environment 
 
Figure E2. Unit 4 “Integer additive operations” plan. 
 
Figure E3. Unit 5 “Constructing additive word problems” plan. 
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Appendix F: Term Planning Template (Coaching Session 4) 
Within this session the focus was on planning. Using the module booklet and 
the term planner, the classroom teacher also developed a long-term plan of the 
mathematical content to be taught. The teacher took revision, end-of-term activities 
and teaching time into account. This plan is presented in Figure F1. 
 Wednesday Thursday Friday 
A
u
g
u
st
 
W
ee
k
 7
 
21 22 23 
Use ‘Sum Dog’ online 
program as a revision 
activity. 
W
ee
k
 8
 
28 
Subtraction using 
compensation (number 
line representations) 
29 
Integer operations 
30 
Use ‘Sum Dog’ online 
program as a revision 
activity. 
S
ep
te
m
b
er
 
W
ee
k
 9
 
4 
Continue integer 
operations  
5 
Unit 5 and 6 – arithmetic 
to algebra with creating 
word problems (use 
algebraic symbols in 
representations) 
6 
Use ‘Sum Dog’ online 
program as a revision 
activity. 
W
ee
k
 1
0
 
11 
Revision of rotation 
activities 
12 
O1 Post-test 
13 
O2 Pre-test 
W
ee
k
 1
1
 
18 
Last week of term – play 
mathematical games 
19 
Last week of term – play 
mathematical games 
20 
Last week of term – play 
mathematical games 
Figure F1. Coaching Session 4 term planner. 
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Appendix G: Launch Activity: Term 4, Week 1 and Week 2  
The Week 1 and Week 2 launch activities are presented in Figure G1 and 
Figure G2 respectively. The handout that accompanied each activity is presented in 
Figure G3. 
 
Figure G1. Term 4 Week 1 launch activity. 
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Figure G2. Term 4 Week 2 launch activity. 
 
 
Figure G3. Week 1 and 2 launch activity handout. 
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Appendix H: Digital Presentation Activity (Coaching Session 7) 
To involve the students, the researcher proposed an activity for them to share 
their knowledge. This activity was the use of a digital presentation (e.g., Microsoft 
PowerPoint) to visualise a storyboard of mathematical representations. The 
researcher prepared an example that is presented in Figure H1. This could allow the 
students to use computers to summarise their learning. The activity was well received 
by the classroom teacher who was keen to try this as a new type of pedagogy within 
the classroom.  
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Figure H1. Example digital presentation for student presentation activity.  
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Appendix I: Launch Activity Week 3 and Week 4 
The Week 3 and Week 4 launch activities are presented in Figure I1 and Figure 
I2 respectively. The handout that accompanied each activity is presented in Figure 
I3. 
 
Figure I1. Term 4 Week 3 launch activity. 
 
Figure I2. Term 4 Week 4 launch activity. 
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Figure I3. Week 3 and 4 launch activity handout. 
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